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1.2 PILOT TEST OBJECTIVES

The primary objective of pilot testing is to evaluate the effectiveness of SVEIAAS in
reducing VOC concentrations in soil and ground water within the vicinity of the NEX service
station. To accomplish the stated objective, a total of 10 air sparging wells and 5 lateral
vapor extraction trenches were installed at the site, with associated air delivery and vapor
extraction return pipe directed to a single pilot plant building housing skid-mounted SVE and
AAS systems.

From the proposed alternatives, and based upon available site data, pilot treatability studies
were conducted utilizing the in situ technologies SVE and AAS. SVE was pilot tested to
evaluate the effectiveness of this process in removing VOCs from the unsaturated zone soil
with subsequent treatment of the off-gas above surface grade. A second in situ remedial
technology, AAS, was pilot tested based on its potential to partition dissolved- and sorbed
phase hydrocarbons present within the saturated zone into the vapor phase. The buoyant
nature of the hydrocarbon-laden sparged air causes the vapors to migrate into the unsaturated
zone, where they are extracted by a concurrently operating SVE system.

Based on the remedial investigation performed at the site in 1992 (ERM 1992), four remedial
alternatives for site soil were presented for future consideration: (1) excavation and offsite
disposal, (2) SVE, (3) bioremediation, and (4) asphalt batching (a form of excavation and
offsite disposal resulting in a beneficial use of the soil). In the same report, two remedial
alternatives were presented for the removal of dissolved-phase hydrocarbons from site ground
water, including AAS and ground-water pump and treat. Preferred remedial methods were
not selected by ERM (1992) as the extent of sorbed-phase and dissolved-phase hydrocarbons
in soil and ground water was not completely delineated during the field investigation.
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1. PROJECT DESCRIPTION

Under Contract No. N62472-91-D-1449, Amendment No. 12 to Appendix "A," Project
No. 18, Northern Division, Naval Facilities Engineering Command issued Delivery Order
No. 0011 to EA Engineering, Science, and Technology to conduct remediation pilot testing
of soil vapor extraction (SVE) and aquifer air sparging (AAS) technologies at the Navy
Exchange (NEX) service station (Building 538), Naval Air Station, Brunswick, Maine. This
Final Report has been prepared to provide an assessment of the performance of these
innovative remedial technologies in removing volatile organic compounds (VOCs) from the
subsurface and subsequently restoring soil and ground-water quality at the site. Pilot testing
of SVEIAAS was performed based on the potential applicability in remediating the
petroleum-impacted ground water and soil at the NEX service station.

1.1 INTRODUCTION
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1.3 SITE DESCRIPTION

• Preparation of ground-water elevation contour maps from well gauging
data prior to, during, and following pilot plant operations.

• Soil vapor sampling during SVE start-up to assess the influence of the
SVE system on hydrocarbons present within the unsaturated zone.

• Soil and ground-water sampling to evaluate the impact over time of
SVEIAAS system operations in reducing the concentrations of residual
and dissolved-phase hydrocarbons in site soil and ground water.

Project No.: 12197.14
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The NEX service station is bordered on all sides by Naval Air Station grounds. West of the
subject site, across Second Street, the Public Works Department maintains a vehicle
compound. The NEX shopping complex (Building 11) is located approximately 100 ft
northeast of the underground storage tanks (USTs). Abutting NEX service station property

The results of the pre-treatment, operational period, and post-treatment analyses are
presented in this technology evaluation report. The results of the pre-treatment analyses,
in comparison with post-treatment analyses, define the overall effectiveness of employing the
remedial technologies at the NEX service station.

EA Engineering, Science, and Technology

The NEX service station is located north of the intersection of Second Street and Burbank
Avenue at Naval Air Station, Brunswick, Maine. Figure 1-1 provides the location of the
subject site, as taken from the Brunswick, Maine, U.S. Geological Survey 7.5-minute series
topographic quadrangle map. Figure 1-2 provides the general site layout. The NEX service
station (Building 538) and adjoining property to the southeast, occupied by the Family
Services Center (Building 27), constitute the area undergoing remedial pilot testing during
this study.

Once constructed and activated, the SVEIAAS system was routinely monitored and sampled
to assess the impact of the remedial system operations on site soil and ground water. In
addition to system monitoring and sampling, the following monitoring and sampling activities
were required:

The pilot study was performed over an extended p'eriod of time to assess whether these
technologies can achieve the "stringent cleanup goals" established by the State of Maine
Department of Environmental Protection (MEDEP) (1992), to provide the criterion for
design alterations, if appropriate, and to determine if other remedial technologies should be
revisited. Included within the pilot study was the characterization of site conditions (both
chemically and hydrogeologically) immediately prior to, during, and following remedial pilot
plant operations.
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1.3.1 History of Fuel Storage

to the immediate north is a water pump house"with mounded water tank (Building 295);
approximately 100 ft to the southeast, on the opposite side of Burbank Avenue, is the Family
Services Center (Building 27). Several other facilities exist within 1,000 ft of the site.

The topography of the site area is characterized as flat and gently sloping to the south
southwest in the direction of the intersection of Burbank Avenue and Second Street.
A small, steeply graded hill (approximately 8 ft total height) is located directly north of the
service station and is the setting for. the pump house and water tank (Building 295).

On and directly adjacent to the NEX service station grounds are several buried utilities, .
including water, storm sewer, sanitary sewer, and steam. Several storm sewer and sanitary
sewer lines traverse the southern portion of NEX service station grounds, as shown in
Figure 1-2. A water main extends across Second Street to a fire hydrant located at the
southwestern comer of service station grounds. A I-in. water line runs from the Burbank
Avenue water main due east of the former pump dispensers into the center of the NEX
service station. Electric services are located both overhead and below grade within the
vicinity of the subject site. The locations of known utility lines are shown in Figure 1-2.

Project No.: 12197.14
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As detailed in the remedial investigation report prepared by ERM (1992) in September 1992,
there were four USTs at the NEX service station. Three of these USTs were single-walled
steel gasoline storage tanks installed in 1974 and formerly located in the grassy area east of
the service station; these tanks passed integrity tests conducted by Tankpro of Scarboro,
Maine in July 1989. The fourth UST was a I,ODD-gal single-walled steel fuel oil tank
installed in 1975 and formerly located along the northern edge of the service station. All of
the tanks were registered with the State of Maine. During 1993, ATEC Associates, Inc. of
Norwell, Massachusetts completed the installation of three fiberglass gasoline USTs within
the same excavation that the steel USTs were removed. The locations of the former steel
USTs, and the replacement fiberglass USTs, are shown in Figure 1-2.

The NEX service station building is approximately 5,300 fr2 in area and consists of a service
garage with two bays, a beverage container redemption center, and an office. Remaining
service station grounds include an active pump island with canopy and three 1O,000-gal
gasoline USTs, which were installed in 1993. Alongside the western side of the service
station building are two aboveground storage tanks (one 275-gal waste oil tank and one
550-gal fuel oil tank). The original building was constructed in 1957 and has since been
expanded. The site has been operated as a petroleum distributor for approximately 36 years.
Product historically stored at the NEX service station includes several grades of gasoline,
fuel oil, and waste oil.
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1.3.2 Petroleum Spill/Release History

There are no records, remedial system specifications, or sampling data in MEDEP's files to
document any of the above activities or to characterize soil and ground-water quality onsite.
The only documentation in Naval Air Station files concerning these activities is a work
authorization for installation of the wells dated 22 July 1981.

Prior to replacement in 1974, two 5,000-gal gasoline USTs were located onsite in an area
now occupied by an extension to the original service station, as shown in Figure 1-2.
A 550-gal waste oil tank, installed in 1975 along the western wall of the service station,
was removed in 1989. No records of these removals were immediately available for review.

The petroleum spill/release history of the site has been taken directly from the remedial
investigation report prepared by ERM (1992). According to Naval Air Station personnel,
gasoline odors were detected in the vicinity of the service station in 1981. To determine the
sources of the vapors, surface soils in a 60-70 ft2 area around the UST system were
removed, and a faulty connection in one of the pipes was found and repaired. The excavated
soils were analyzed by MEDEP personnel, and the contaminated soils were disposed of
offsite. No other information was available regarding the removal and disposal of
contaminated soil.
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According to Mr. Neil Campbell, a Naval Air Station maintenance worker, a ground-water
recovery system was installed at the site in 1984 to correct for gasoline odors in Buildings 25
and 27. The system, which was removed in 1993 during tank replacement activities,
consisted of 3 shallow ground-water recovery wells connected to a central manifold and
pump system located in the grassy island at the corner of Second Street and Burbank
Avenue. Using this recovery system, ground water was pumped into a temporary
aboveground holding tank for approximately one week and analyzed by MEDEP.
Subsequently, for a period of approximately one year, MEDEP authorized discharge of the
pumped ground water to the nearby storm sewer. Ground-water pumping was terminated
when water no longer appeared to be contaminated. The date of the termination of pumping
was not identified nor was any other information regarding the operation and maintenance of
the ground-water recovery system.

ERM reviewed MEDEP files to identify reported spill incidents associated with the site;
complete files were only available for the period since 1984 (ERM 1992). One incident of
a gasoline spill at the site had been reported to MEDEP in 1989. According to Mr. Bradford
Hahn of MEDEP's Portland office who prepared a report for the incident, a minor amount of
petroleum-impacted soil was discovered while performing a tank tightness test. Approxi
mately 1 yd3 of soil was removed and disposed offsite. According to the contractor who
performed the tightness test (Tankpro of Scarboro, Maine), the spill did not appear to be
related to the tightness test. Based on the contractor's description of the incident, Mr. Hahn

EA Engineering, Science, and Technology
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1.3.3 General Site Characteristics

indicated that due to the minor nature of the release and immediate containment of the
impacted soil, no follow-up investigation was necessary. No other information was identified
in MEDEP files regarding this spill incident.

The gray marine clay underlying the surficial loam and sand layers is considered to be a
natural aquiclude for purposes of site remediation. Depth of the marine clay has been
reported to extend to 93.5 ft, based on a geotechnical boring installed adjacent to the NEX
service station in 1974. Underlying the marine clay is 2 ft of coarse sand and gravel,
followed by bedrock at approximately 95.5 ft below grade.

Based upon the geologic logs of pre-existing and recently installed ground-water monitoring
wells and air sparging wells, and SVE trenches, the site-specific shallow stratigraphy is
comprised of a surficial layer of brown, sandy loam overlaying a tan-brown-gray, medium
to fine-grained sand with trace silt. These unconsolidated materials overlie an extensive
sequence of soft gray marine clay. The sand horizon ranges in thickness from less than 4 ft
(Well MW-5) to approximately 21.5 ft (Well MW-IR).
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The saturated thickness of the water table in the sand sub-unit ranges from approximately 1 ft
(Wells MW-2 and MW-5, both located south of Burbank Avenue) to greater than 8.5 ft
(Well MW-l) in the portion of the site to undergo remediation. Hydraulic conductivities
derived from slug test data at Wells MW-4 and MW-5 (ERM 1992) were estimated at 8.6 x
10-6 em/sec; these estimates appear low for the sandy loam and sand with trace amounts of
silt. Seepage velocity, as calculated by ERM (1992), is estimated at 0.39 ft/year. Other
investigations performed at Naval Air Station calculated seepage velocities ranging from
9 to 104 ft/year.

The depth to ground water at the site ranges from approximately 2 ft (Well MW-5) to 8 ft
(Sparge Well AAS-l) below grade, with seasonal fluctuations up to several feet. Based upon
several rounds of well gauging, ground-water flow in the shallow water table aquifer at the
NEX service station is to the south at a shallow gradient, with a slight increase in hydraulic
gradient south of Burbank Avenue. The average hydraulic gradient, as calculated from data
presented in the remedial investigation report (ERM 1992), is 0.011 but varies with seasonal
recharge.

During a 30 March 1993 site visit, EA personnel inspected a 6-in. diameter exhaust stack
originating from below grade along the north side of the Family Services Center
(Building 27), located hydraulically downgradient of the NEX service station. From
discussions with Naval Air Station Public Works personnel, EA learned the stack is
connected to the footing drains installed beneath the building due to the high water table.
The stack was installed in 1989 as a means of diverting and exhausting organic vapors from
the foundation of Building 27. The underdrain system discharges to the storm sewer system
located east and west of the building.

EA Engineering, Science, and Technology
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1.4 OVERVIEW OF REPORT

Summary and conclusions, based on the findings of this pilot test, are presented in
Chapter 5.

Chapter 4, Pilot Test Results, discusses in detail the findings of the SVE and SVE/AAS pilot
tests and results of ground-water, soil vapor, and soil sampling.

Chapter 3, Pilot Test Methodology, provides a summary of the activities associated with the
performance of the SVE/AAS pilot tests. Also discussed in this chapter are the changes in
the scope of field programs that occurred following the development of the Final Work Plan.
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Chapter 2, Pilot Plant Installation, provides detail on the installation of AAS wells, SVE
trenches, skid-mounted SVE and AAS systems and associated piping, construction of the
concrete pad and treatment building, electrical work, and management of construction waste.

The remaining chapters of this report address the following topics: field construction
activities, pilot test methodologies, physical characteristics of the study' area, pilot test
results, and summary and conclusions.

Prior to pilot plant operations, personnel in the adjacent Family Services Center
(Building 27) observed odors in the building thought to be associated with the NEX service
station. The odors observed in the building had not been adequately defined, but were
speculated to be related to the migration of dissolved-phase and/or vaporous hydrocarbons
originating from the soil and ground water at the adjacent NEX service station. A footing
drain installed along the north end of the Family Services Center consistently showed
elevated concentrations of hydrocarbon vapors.

The petroleum hydrocarbons detected in soil and ground water at the NEX service station
prior to pilot testing are summarized in Table 1-1. In general, the results indicate the
presence of gasoline-related constituents in site soil and ground water, including benzene,
toluene, ethylbenzene, and xylenes (BTEX) and the oxygenate methyl tertiary-butyl ether
(MTBE). Fuel oil range hydrocarbons were also reported in several soil and ground-water
samples. Total lead was reported in several soil samples at low concentrations.

1.3.4 Nature and Extent of Petroleum Hydrocarbons

,EA Engineering, Science, and Technology
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Figure 1-1. Site location map, Navy Exchange Service Station, Naval Air Station, Brunswick, Maine,
U.S. Geological Survey 7.S-minute series topographic quadrangle map.
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TABLE 1-1 SUMMARY OF ANALYTICAL DATA FOR SOIL AND GROUND-WATER
SAMPLING CONDUCTED AT THE NAVY EXCHANGE SERVICE STATION,

NAVAL AIR STATION, BRUNSWICK, MAINE

Project No.: 12197.14
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September 1994

MW-l MW-2 MW-3 MW-4 MW-5

Analysis Soil I Water Soil I Water Soil I Water Soil I. Water Soil I Water

Volatile Organics <ltg/kg or JLg/L)

Toluene 1.3U LOU 1.2U 1.1 1.2U 18 640,000 12,000 1.2U LOU

Benzene 1.3U LOU 1.2U LOU 1.2U 14 5,300 1,000 1.2U LOU

Ethylbenzene 1.3U LOU 1.2U LOU 1.2U 4.8 340,000 3,900 1.2U LOU

Total Xylenes 2.6U 2.0U 2.8U 4.2 2.4U 23 1,800,000 22,000 2.4U 2.0U

MTBE 2.6U 2.0U 2.4U 2.0U 3.6 2.5 7,300 2,000U 2.4U 5.9

Hydrocarbon Analyses (mg/kg or mg/L)

Total Petroleum Hydrocarbons IOU LOU IOU LOU 30 LOU 1,000 22 13 LOU

Gasoline in Soil/Water 6U 0.020U 6U 0.035 6U 0.020U 31,000 210 6U 0.056

Fuel Oil in Soil/Water IOU 0.010 IOU 0.460 IOU 0.061 4,800 84 IOU 0.300

(norganics (mg/kg or mg/L)

Total Lead IOU 0.005U 13 0.005U IOU 0.005U IOU 0.005U 20 0.005U

NOTE: Soil samples taken 16 May 1992; ground-water samples taken 21 May 1992.
MTBE = Methyl tertiary-butyl ether; U = Analyzed for but not detected.
The numerical value reported represents the detection limit of the analyte.

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011 SVEjAAS PIlot Test Report



2.1 AIR SPARGING WELL INSTALLATIONS AND DEVELOPMENT

The borings for the sparge wells were completed to depths reaching 1-2 ft into the top of the
silty clay. Total depth of the sparge well borings ranged from 7 ft below grade (AAS-9) to
19 ft below grade (AAS-l). The screened intervals of the sparge wells were placed at or

A site plan showing pertinent site features is provided as Figure 1-2. Utility clearances were
secured from the Resident Officer in Charge of Construction office at Naval Air Station and
by calling the "Dig Safe" utility clearance service. The locations of all known utilities were
cleared prior to each phase of construction.

The SVEIAAS pilot plant was constructed in two phases. The first phase involved the
installation and development of the 10 AAS wells. The second phase involved the
installation of SVE trenches and construction of the pilot plant treatment building. The pilot
plant installation was completed in phases due to delays in start-up caused by the prolonged
construction period associated with the UST replacement activities at the NEX service
station.
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2. PILOT PLANT INSTALLATION

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

A&W Environmental Drilling, Ltd. of North Smithfield, Rhode Island, was subcontracted by
EA to perform the installation of 10 AAS wells. This task was completed under the direct
supervision of an EA geologist during 20-22 July 1993. The locations of the AAS wells are
shown on Figure 2-1. The sparge wells were installed within the portion of the site
suspected to contain elevated concentrations of dissolved-phase hydrocarbons within the
overburden ground water. Air sparging wells AAS-l through AAS-5 were installed to the
north of Burbank Avenue, adjacent to the existing tank field at the NEX service station. Air
sparging wells AAS-6 through AAS-IO were installed to the south of Burbank Avenue,
within the landscaped area adjacent to Building 27. All sparge wells were screened
nominally above the top of the marine clay encountered at depths ranging from
approximately 7 to 19 ft.

EA Engineering, Science, and Technology

During drilling, split-spoon sampling was conducted at 5-ft intervals at each AAS well to
permit air monitoring and classification of site soils. Air monitoring and headspace analyses
were conducted using an HNu Systems Inc. Model PI 101 photoionization detector; the
results are recorded on the boring logs presented as Appendix A. All soils retrieved via
split-spoon were examined by the onsite EA geologist and classified according to the methods
and nomenclature of the Unified Soils Classification System. Surficial overburden soil,
consisting of fine to medium sands with trace amounts of silt, is classified as SP, an
indication of the homogeneity of the content of sand in the soil samples. The marine clay
underlying the sand is classified as CL.
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2.2 REPLACEMENT AIR SPARGING AND GROUND-WATER MONITORING
WELL INSTALLATION AND DEVELOPMENT

within 0.5 ft of the top of the marine clay and-from I to 8 ft beneath the water table to
permit adequate air displacement into the surrounding impacted water table aquifer. Sparge
wells AAS-9 and AAS-1O are seasonally dry.

During construction activities associated with UST replacements in August and September
1993, 2 AAS wells (AAS-3 and AAS-4) and ground-water monitoring wells (MW-I and
MW-4) were destroyed by heavy machinery and excavating. Following the completion of
these invasive activities, EA re-mobilized to the site to replace the wells.

Northeast Diamond Drilling, Inc. of Brunswick, Maine, was subcontracted by EA to perform
the installation of the replacement wells. This task was completed under the direct
supervision of an EA geologist during 23-24 March 1994. The locations of the replacement·
AAS wells (AAS-3R and AAS-4R) and ground-water monitoring wells (MW-IR and
MW-4R) are shown on Figure 2-1. The replacement wells were installed within 3 ft of their
original locations.
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During drilling, continuous split-spoon sampling was conducted at each well to permit air
monitoring and classification of site soils. Air monitoring and headspace analyses were
conducted using an HNu Systems Inc. Model PI 101 photoionization detector; the results are
recorded on the boring logs presented as Appendix A. Representative soil samples from the
2 replacement ground-water monitoring wells were retrieved for laboratory analysis to.
compare to the results of the original soil samples collected and assess treatment via SVE.

EA Engineering, Science, and Technology

The 10 AAS wells were developed by A&W Environmental Drilling, Ltd. under the
supervision of an EA geologist immediately following the installation of the last well.
Development was completed by pumping and surging to remove "fines" and reduce turbidity.
Each sparge well was developed a minimum of 10 times the volume of standing water in
each well using a 2-in. submersible pump. All down-hole equipment was decontaminated
with a rinse of Alconox, potable tap water, and methanol to prevent cross-contamination
between wells.

The screened interval for each sparge well is constructed of O.OIO-in. continuous slot, high
flow, 2-in. inner diamter (ID) Schedule 40 PVC, which contains a higher than normal ratio
of slot openings per inch than standard PVC screen. This screen type reduces the potential
for channeling of air through the sand pack and surrounding sediment, which increases the
efficiency of the sparging process. The sand pack surrounding each screened interval
consists of No. I silica well gravel. To prevent short-circuiting of air up the sand pack, a
minimum I-ft thick hydrated coarse-grade bentonite seal was installed approximately 0.5 ft
above the screened interval. The remainder of the borehole was backfilled with a cement
grout. Appendix B provides complete well construction diagrams for each of the sparge
wells.
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2.3 SOIL VAPOR EXTRACTION TRENCH AND AIR INJECTION LINE
INSTALLATIONS

SVE trenches were installed by EA in two phases due to ongoing tank replacement activities
and limited space for construction-related machinery at the site. The first phase of SVE

Soil samples were also collected from the 2 replacement sparge wells to document soil
quality at these locations. All soils retrieved via split-spoon were examined by the onsite
EA geologist and classified according to the methods and nomenclature of the Unified Soils
Classification System.

The borings for replacement monitoring wells MW-IR and MW-4R were completed to
depths of 24 ft and 18 ft below grade, respectively. The wells were each constructed of
2-in. Schedule 40, O.OI-in. slotted PVC well screen with threaded joints, extending a
minimum of 2 ft above the standing water table to allow for seasonal fluctuations, and 2:-in.
Schedule 40 PVC riser pipe. The annular space between the screened interval and borehole
was filled with No. 1 silica sand to a depth of approximately 1 ft above the top of the well
screen. A minimum of I-ft hydrated bentonite was placed above the sand pack. Clean sand
was used to backfill the remainder of each borehole to land surface. Each well was then
completed in a 6-in. diameter well vault set in a I-ft cement collar flush to grade. Well
construction detail is provided in Appendix B.
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EA Engineering, Science, and Technology

On 25 March 1994, Northeast Diamond Drilling, under the supervision of an EA geologist,
developed the replacement sparge and monitoring wells. Development was completed by
pumping and surging to remove "fines" and reduce turbidity. Each sparge well was
developed using a 2-in. submersible pump. All down-hole equipment was decontaminated
with a rinse of Alconox, potable tap water, and methanol to prevent cross-contamination
between wells. Temperature, conductivity, pH, and dissolved oxygen were measured and
recorded using a Hydrolab· Model H20G water quality meter during the development
process. Development continued at each well until a minimum of 10 times the volume of
standing water in each well was removed and/or upon reaching stabilized conductivity and
pH measurements. The results of the development process are summarized in the Field
Record of Well Development forms provided in Appendix C.

The borings for the replacement sparge wells were completed to depths reaching 1-2 ft into
the top of the silty clay. Total depth of the replacement sparge well borings approximated
the depths of the originally installed sparge wells. The screened intervals of the sparge wells
were placed at or within 0.5 ft of the top of the marine clay. The screened interval for both
replacement sparge wells are constructed of O.OIO-in. slot, high-flow, 2-in. ID Schedule 80
PVC. The sand pack surrounding each screened interval consists of No. 1 silica well gravel.
To prevent short-circuiting of air up the sand pack, a minimum I-ft thick hydrated coarse
grade bentonite seal was installed approximately 0.5 ft above the screened interval. The
remainder of the borehole was backfilled with a cement grout. Appendix B provides
complete well construction diagrams for the replacement sparge wells.
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Four air delivery lines are completed to the 10 AAS wells. North of Burbank Avenue,
sparge wells AAS-l and AAS-2 are supplied air from a common air delivery line, as are

Each SYE trench consists of an interval of 4-in. ID O.OIO-in. slotted PVC screen installed in
lateral trenches extending to approximately 4 ft below grade, or approximately 2 ft above the
anticipated high seasonal water table level. A nylon filter mesh was slipped over the length
of screened interval. Native sand was deemed suitable for placement as a sand pack and was
backfilled atop the horizontal screen in I-ft lifts.

trench installations took place during 18-24 July 1993. EA remobilized to the site on
21-30 September 1993 to complete the installation of trenches SYE-l, SYE-2, and SYE-3.
A plan view of the as-built layout of AAS wells and SYE trenches is provided on Figure 2-1.
Screened intervals for SYE were designed as lateral trenches to maximize the retrieval of
YOCs within the unsaturated zone and minimize the potential for up-welling of the shallow
water table into the screened interval of the vents.

SYE trenches were installed in five intervals, ranging in length from 30 ft (Trenches SYE-2
and SYE-3) to 60 ft (Trenches SYE-4 and SYE-5). Based upon available site information,
the projected effective radial influence of the vent trenches was approximated at 30 ft. The
SYE trenches are located no greater than 60 ft apart, and are aligned in such a manner as to
fully intercept potential migration of vapors due to active sparging. Vapor extraction trench
SYE-l was installed at the interpreted northernmost extent of the dissolved-phase
hydrocarbon plume. Trenches SYE-2 and SYE-3 are located centrally within the area found
to contain the highest concentrations of YOCs in soil and ground water. Trenches SYE-4
and SYE-5 are located downgradient of air sparging wells AAS-6 through AAS-1O to prevent
migration of hydrocarbon-laden soil vapor toward Building 27.
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EA Engineering, Science, and Technology

A 4-in. Schedule 80 PVC "tee" was installed in the center of SYE trenches SYE-l, SYE-4,
and SYE-5, with an equal length of screen on either side. The "tee" connections at trenches
SYE-2 and SYE-3 were installed with 20-ft and lO-ft screened intervals on either side. Each
"tee" then connects to a central riser pipe, extending approximately 2 ft upward to another
4-in. ID PVC "tee." This PVC "tee" is manifolded to a 3-in. ID Schedule 40 PVC extension
pipe installed to the top of a sand pack and used to access the vapor trench, and a 3-in. ID
Schedule 40 solid PVC vapor collection line returning to the treatment shed. Prior to
backfilling the vapor collection trenches to surface grade, the open excavation was used to
house sparge air delivery and vapor collection pipe runs to the main trench running back to
the treatment shed located behind the NEX service station (Figure 2-1). The main trench
excavation was completed to a depth of approximately 3 ft below land surface to complete
AAS air delivery and SYE vapor collection pipe runs to the equipment pads. Air delivery
and vapor collection lines to sparge wells and vapor extraction trenches south of Burbank
Avenue are run through a single 30-ft length of 12-in. ID Schedule 80 pipe installed beneath
Burbank Avenue.
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2.4 PILOT PLANT EQUIPMENT INSTALLATION

sparge wells AAS-3, AAS-4, and AAS-5. Smith of Burbank Avenue, sparge wells AAS-6
and AAS-7 are supplied air from a common air delivery line, as are sparge wells AAS-8,
AAS-9, and AAS-lO.

During the SVE trench installation phase, EA set a 12-ft x 18-ft concrete pad behind the
northernmost extension of the NEX service station and fenced area. Once cured, the skid
mounted AAS and SVE systems were secured on the concrete pad and a 12-ft x lO-ft
Texture I-II treatment building installed. Adjacent to the treatment building, the 1,800-lb
granular activated carbon vessel was seated on the concrete pad. Pipe manifolding within the
building was completed by EA.

Electrical servicing was completed by Gerrard Robbins Electrical Contractor, Inc. of
Brunswick, Maine, who ran power from the two transformers located behind the NEX
service station underground to the treatment building. Electrical service at the pilot plant
consists of 100-amp, 480-volt, 3-phase power run through a weatherproof NEMA 3R panel
on the outside of the treatment building. All electrical components and wiring within the
treatment building are National Electric Code Class I, Division II, Group D (explosion
proof). In addition to the skid-mounted systems and control panel, an explosion proof,
ceiling-mounted light fixture is installed within the building.
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To accomplish SVE at the site, a Rotron Model ENl2 15-hp regenerative blower, capable of
evacuating 500 standard cubic feet per minute (scfm) at a vacuum of 30 in. H20, was
installed. The blower system is equipped with an inline 10 micron particulate filter/silencer,
a vacuum relief valve, a' moisture separator and 30-gal knock-out tank equipped with a high
liquid level shut-off, a filter silencer, associated ball valves, in-line air sample ports,
temperature gauges, and vacuum gauges. Each SVE run connected to the SVE system is
equipped with a flow sensor which connects to a centralized flow meter capable of measuring
flows to 150 cfm. Electronically, the SVE system will shut down in the event of a high
liquid level within the knock-out tank or high temperature within the blower system.

EA Engineering, Science, and Technology

The top portion of each AAS well casing was cut at approximately 2 ft below grade and a
2-in. ID Schedule 80 PVC "tee" fitting attached to the casing with its horizontal outlet
positioned to lie in the excavated spur trench. A 2-in. diameter Schedule 80 PVC casing was
fitted in the horizontal outlet of the tee section and connected to a 2-in. ID Schedule 80 ball
yalve to permit flow regulation into the sparge well. The vertical "tee" spur was fitted with
a l-ft section of PVC casing extending upward and sealed with an expandable o-ring plug.
Each sparge well was completed in a flush-mounted, 2-ft x 2-ft steel, H20-rated utility
vault. For sparge wells AAS-I and AAS-2, which were installed within paved areas, 6-ft
x 6-ft fiberglass-reinforced concrete collars were installed around the steel vaults to prevent
settling.
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2.5 MANAGEMENT OF CONSTRUCTION DERIVED WASTE

Construction derived waste generated during the pilot plant installation included drill
cuttings, equipment decontamination fluids, and well development fluids. Management of
these wastes is discussed below.

Drill cuttings generated during the installation of AAS wells and replacement AAS wells and
monitoring wells were containerized in 55-gal drums. The soil was then transferred to a
landfarming staging area within Naval Air Station grounds under the direction of Naval Air
Station Public Works. In total, 11 drums of soil were transferred to the landfarming area.

Excess soil generated during the trenching of AAS air delivery lines, SVE trenches, and SVE
return lines was field screened with a photoionization detector. Based on the low soil
screening concentrations observed « 5 ppm), and the composition of the soil (sand), the soil
was utilized as backfill within the trenches. Minimal excess soil was used locally as fill
prior to resurfacing at the NEX service station during tank replacement activities.
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Wastewater was generated during the initial drilling and development program and
subsequent purging (for ground-water sampling) of the AAS and ground-water monitoring
wens. Decontamination water and rinsate was generated during the decontamination
procedures utilized in the well installation and development process. Wastewaters, with the
exception of development fluids, were collected in 55-gal drums, treated via granular
activated carbon, and discharged to the storm sewer located along Burbank Avenue. Ground
water extracted during the well development process was discharged adjacent to the
developed wells and permitted to infiltrate due to the high silt content within the fluids.

EA Engineering, Science, and Technology

To accomplish AAS at the site, an M-D Pneumatics Competitor Model 40005A positive
displacement rotary air blower, capable of producing 165 scfm at a pressure of 4 lb
per square inch (psi), was selected. The AAS blower system is equipped with an inlet
lO-micron particulate filter/silencer, a pressure relief valve, a discharge silencer, and
associated temperature and pressure gauges. Each AAS run connected to the AAS system is
equipped with a flow sensor which connects to a centralized flow meter capable of measuring
flows to 50 cfm. Electronically, the AAS system will shut down in the event of a high
temperature within the blower system, or if the SVE system is shut down.
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3.1 SHORT-TERM PILOT TEST METHODOLOGY

During the tests, measurements of the operating parameters of the system were recorded.
Flow rate through the SVE system was measured using a TSI Velocicalc Model 8355 air
velocitylflow rate meter and in-line flow sensors connected to a Dwyer Magnehelic· Series
2000 differential pressure gauge calibrated for flow.

As discussed above, short-term pilot tests were conducted in two phases: step tests and
constant rate tests. The first test, the step test, was conducted to assess vacuum response at
varying flow rates and determine optimal flow rates from the subsurface to maximize
hydrocarbon removal. The step test involved the application of varying head pressures to the
extraction trench and observing flow rate and hydrocarbon. recovery response.

This chapter describes the pilot test procedures employed at the NEX service station. The
pilot study program for this project included the following operational activities: short-term
SVE pilot testing to 'assess radius of influence and hydrocarbon removal; long-term SVE
operations, including several weeks of SVEIAAS operations; soil sampling during SVE
operations; ground-water sampling; well location and elevation surveying; and management
of investigation-derived waste.
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3. PILOT TEST METHODOLOGY

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

Constant rate testing at involved the application of a constant vacuum to the subsurface for a
period sufficient to recover a minimum of 1 pore volume from the projected radial influence
of the vent. For this site, using an assumed radial influence of 35 ft required a minimum
period of approximately 20 minutes of constant rate testing. During the test, the effect of the
applied vacuum was measured at the adjacent vapor monitoring points via a series of Dwyer
Magnehelic· differential pressure gauges capable of detecting vacuums from 0.05 to 15.0 in.
H20. At SVE-l, the constant rate test was conducted at a flow rate of 110 cfm and a
vacuum of 13 in. H20. At SVE-4, the constant rate test was conducted at a flow rate of
185 cfm and a vacuum of 10 in. H20.

EA Engineering, Science, and Technology

Prior to full-scale operations, short-term SVE pilot testing was conducted from 25 to
29 October 1993 to permit the assessment of SVE radial influence and optimal removal rates.
AAS pilot testing was accomplished on 3-4 May 1994 after allowing the SVE system to
operate for approximately 5.5 months and achieve asymptotic hydrocarbon removal rates.
SVE pilot testing was conducted both as step tests and constant rate tests at trenches SVE-l
and SVE-4. Step tests were conducted to assess the optimal removal rate of SVE trenches.
Constant rate tests were conducted to evaluate the effective radial influence of the system.
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3.1.2 Vapor Sampling and Analysis

Monitoring/sampling accomplished during SVE and SVE/AAS pilot testing included soil
vapor analysis, vadose zone vacuum and pressure monitoring, saturated zone pressure
monitoring, gauging of depth to water, and measurements of water quality parameters.
The network of monitoring/sampling locations is described below.

The tops of the vapor probes were fitted with hose barbs and connected to either Dwyer
Magnehelic gauges for presSure monitoring or a Gast air pump to conduct vapor sampling.
During AAS pilot testing, onsite monitoring wells MW-l and MW-4 were outfitted with
specially designed pressure-tight slip caps containing hose barb fittings to permit
vacuum/pressure monitoring and vapor sampling.

During SVE pilot testing during the week of 25-29 October 1993, a mobile laboratory was
placed onsite for analysis of soil vapor samples. The objective of soil vapor sampling was to
assess the presence of total volatile hydrocarbons (TVH) in unsaturated soil in areas
potentially influenced by the SVE system and to determine TVH removal rates during active
SVE. Results of the soil vapor survey served to provide guidance in the selection of
optimum SVE flow rates.
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Constant rate testing was performed to evaluate the effective radius of influence of SVE-1
(representative of SVE within a paved area) using four vapor probes aligned symmetrically at
distances of 15, 20, 25, and 35 ft, and additional points set at 40 and 70 ft. Initial constant
rate pilot testing at SVE-4 (representative of SVE within a grassy area) was performed using
nine vapor probes aligned at approximate distances of 5, 10, 15, 20, 25, 30, and 80 ft.
Constant rate testing was performed to evaluate the effective radius of influence at AAS-1
using the four unsaturated zone vapor probes aligned symmetrically at distances of 15, 20,
25, and 35 ft; two additional vadose zone vapor probes at 20 and 45 ft; and two saturated
zone vapor monitoring points set at 10 and 20 ft. Several ground-water monitoring wells
were used as additional probes during pilot testing.

Prior to the start of full SVE and SVE/AAS operations, temporary monitoring probes were
installed using portable drilling techniques and standard soil gas probes. The vapor probes,
labeled VP-1 through VP-16, were installed to permit instantaneous monitoring of the
vacuum or pressure exerted in the subsurface via venting and sparging, and to monitor
hydrocarbon concentrations in the vadose zone during SVE. For AAS system start-up, vapor
probes were set to two distinct depths to permit pressure monitoring in both the saturated and
the unsaturated zones. Shallow vapor probe depths ranged from 3 to 5 ft below grade. The
deeper vapor probes were set below the water table, typically to 10 ft below grade.

3.1.1 Monitoring Point Network Design
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Prior to SVE pilot testing, syringe blanks, standards, and background vapor point samples
were analyzed for quality control purposes. Soil vapor samples were collected in rapid
succession prior to, during, and after each step of pilot testing. At a minimum, at least one
soil vapor sample was collected during each SVE test step. In total, 28 soil vapor samples
were analyzed during testing conducted at vent SVE-4 and 14 during testing conducted at
vent SVE-l.

Soil vapor samples tend to contain many compounds. When a sample is injected into the gas
chromatograph, compounds are first separated by an appropriate analytical column. As the
separated compounds elute from the gas chromatograph column, they enter the air/hydrogen
flame where they become ionized. The resulting ions attach to an electrode, which increases
the signal current. The signal is then amplified, integrated, and reported as a
chromatographic peak. The flame ionization detector provided direct quantification of BTEX
compounds. Unknown hydrocarbons eluting prior to benzene were semi-quantitatively

Upon completion of the purging process, samples were collected by drawing soil vapor into
gas-tight syringes. Samples were then transferred to EA's mobile laboratory for immediate
field analysis. An HNu Model 421 programmable gas chromatograph, interfaced with a
Shimadzu integrator, was used to analyze the soil vapor samples. The HNu is a
programmable gas chromatograph equipped with a flame ionization detector. The flame
ionization detector responds specifically to compounds that will yield a carbon skeleton,
which can be oxidized when introduced into an air/hydrogen flame. Therefore, it is sensitive
to all organic compounds except formaldehyde and formic acid.

Following installation, the probe assembly was fitted with a vacuum pump/vacuum gauge
manifold. Vacuum was then applied to the probe assembly for 2-4 minutes while
observations of the vacuum gauge performance were made to assure that a near steady-state
condition had been attained. During vapor purging, soil resistance to gas flow, read as
inches of Hg vacuum, was observed and recorded. During the purging process, field
judgements as to the representativeness of a particular installation were made based on
vacuum gauge observations. Significant variability in vacuum gauge readings (e.g., rapid
vacuum loss or no significant gauge response) during purging attempts resulted in extended
purging intervals (3-5 minutes).
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Soil vapor samples collected from the SVE system piping manifold were withdrawn from
pre-installed septum ports by drawing vapor into gas-tight syringes. Soil vapor samples
collected from the subsurface were obtained by driving a sampling probe to the desired depth
using an electric rotary hammer. The probe consisted of 30-in. (length) x 0.625-in. outer
diameter heavy-gauge stainless steel piping. The leading section of the probe was fitted with
a threaded point followed by a 6-in. interval of vertically slotted tubing (slot size, 0.010 in.).
Successive 30-in. probe sections were added using hollow-threaded adapters until the probe
had been driven to the desired sampling depth. Upon seating of the final section of probe for
a given location, care was taken to assure that ail adequate gas seal existed at the ground
surface to prevent "short-circuiting" of the sampling probe by ambient (surface) air.
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where

3.1.2.1 Quality Assurance and Quality Control

CF j is calculated by dividing the concentration of the target analyte in the calibration standard
(ppmy ) by its observed peak area on the gas chromatogram.
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In order to ensure the integrity and validity of all aspects of the field screening analysis and
the data generated, a comprehensive quality control program was implemented during the soil
vapor survey. Records for all calibration, operations, and maintenance operations on field
instrumentation were documented on the soil gas survey data sheets. Detection limits for
targeted compounds were also provided (typically less than I ppmy ). Prior to analysis, the
soil gas survey instrumentation was calibrated via an external standard run. Replicate
analysis was performed following every 20 successive samples to ensure result integrity.

C\ = Vapor concentration of analyte of concern (pplT\.)
CF j = Calibration factor for analyte of concern
Ai = Observed area of targeted analyte
Vs = Vapor volume of sample (ml)
Vstd = Vapor volume of standard (mI).

Soil vapor concentrations were calculated using the external standard method. The
instrument was calibrated at the start of the day and after every fifth sample run. This
method ensured control of potential detector sensitivity changes during the operational day.
The following equation was used to calculate the soil gas concentrations:

The HNu system was calibrated by injecting known amounts of vapor standards onto each
column in the gas chromatograph. The set of standards contained benzene, toluene,
ethylbenzene, m- and p-xylenes, o-xylene, n-pentane, and iso-octane which was used to
calibrate the flame ionization detector. Compound retention time and response data were
stored in the integrator and subsequently used to make identification and to quantify
unknowns in samples. Probe and sampler blanks were analyzed periodically to ensure that
the system was free of contamination. Samples were also periodically analyzed in duplicate.
These data, along with multiple standard runs, ensured that the analytical system was
producing reliable values.

reported as "benzene equivalents" and unknown hydrocarbons eluting prior to xylenes were
semi-quantitatively reported as "xylene equivalents." TVHs were reported as the sum of the
BTEX results and the unknowns. Supporting data and chromatograms are presented in
Appendix D.

EA Engineering, Science, and Technology
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3.1.2.2 Decontamination

3.2 LONG-TERM PILOT TEST METHODOLOGY

3.2.1 Soil Vapor Extraction!Aquifer Air Sparging Pilot Testing Methodology

Blanks were analyzed every eight operational noursto confirm system cleanliness. Sample
tracking and custody protocols were observed at sample preparation areas where entry into
the sample tracking logbook was accomplished per the system standard operating procedures.
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Prior to the start of AAS pilot testing, depth to ground water and water quality parameter
measurements were taken across the site to establish baseline conditions and ensure that light,
non-aqueous phase liquid (LNAPL) was not present. Based on depth to ground-water data

Combined SVE/AAS pilot system operations commenced 3 May 1994, and continued until
8 June 1994. The objectives of combined SVEIAAS pilot plant testing were to assess to
overall effectiveness of the air sparging in removing dissolved-phase hydrocarbons from the
shallow saturated zone and the potential to achieve site clean-up goals for ground water as
established by MEDEP. Pilot test methodology is discussed below. Section 3.2.2 provides a
discussion of the routine monitoring, maintenance, and sampling tasks conducted during pilot
plant operations.

Long-term SVE pilot system operations were conducted from 15 November 1993 to 22 June
1994. The objectives of long-term SVE pilot testing were to assess to overall effectiveness
of the technology in reducing the concentrations of VOC within the unsaturated zone and the
potential to achieve site clean-up goals for soil as established by MEDEP. To achieve the
stated objectives, the SVE pilot plant was operated continuously from 15 November 1993 to
22 June 1994. The pilot study conducted at the NEX service station continued for a period
of seven months. Initially, the SVE system was operated for a period of 5.5 months prior to
simultaneous operation with the AAS system. SVE-only operations served to reduce TVH
concentrations in soil vapor and allow for the potential development of a concentration
gradient during active AAS. Several periods of down-time were observed. During
26-29 November 1993, the SVE pilot plant was deactivated to permit tank tightness testing at
the newly installed USTs. The SVE/AAS pilot plant was shut down on 3 June 1994 due to a
base-wide power failure. Section 3.2.2 provides a discussion of the routine monitoring,
maintenance, and sampling tasks conducted during pilot plant operations.

EA Engineering, Science, and Technology

Upon completion of soil vapor sampling at each soil vapor sampling point, the probe
assemblies were decontaminated in the pre-designated area. Soil vapor sampling probes were
dismantled and physically brushed to remove residual soil. The probes and sampling
manifolds were then thoroughly decontaminated with Alconox· scrub and water rinse. The

gas-tight syringe was purged with "zero air" (reagent grade air known to contain no organic
compounds), then heated to drive off residual compounds following each injection into the
gas chromatograph.
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3.3 MONITORING AND SAMPLING ACTIVITIES

Monitoring and sampling activities were performed routinely throughout the performance of
the pilot study to assess the influence of the pilot remediation system on subsurface soil and
ground water. Pilot plant operations were also routinely monitored to provide information

obtained during well gauging, and because vent trench SYE-5 was not operational due to the
high water table in that area, only the sparge wells located north of Burbank Avenue could
be activated, excluding well AAS-4, which requires concurrent operation of vent trench
SYE-5.

The SYE system was concurrently operated during the AAS tests to ensure the retrieval of
hydrocarbon-laden air released into the vadose zone by the sparging process. The SYE
system removal rate was maintained at a flow rate at least twice the rate (in cfm) of ambient
air sparged into the saturated zone. On occasion, an SYE influent sample was taken as a
gauge of combined SVE/AAS hydrocarbon removal rates.
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Calculations were made in the field to determine the pressure, in pounds psi, required to
overcome the static water head pressure at sparge wells AAS-I, AAS-2, AAS-3, and AAS-5,
and provide an adequate rate of air delivery to the surrounding water table aquifer. Based on
the presence of 9.4 ft, 5.45 ft, 6.5 ft, and 0.32 ft of standing water in sparge wells AAS-l,
AAS-2, and AAS-3, and AAS-5, respectively, minimum sparge pressures of 4.1 psi, 2.4 psi,
2.8 psi, and 0.14 psi, respectively, were required to overcome hydrostatic pressure.

Prior to activation of the 4 sparge wells, a short duration pilot test was performed at well
AAS-l as a check on system performance. A positive pressure was applied by the AAS
system to sparge well AAS-I and maintained for a period of 2 hours prior to activation of
AAS-2 and subsequently AAS-3 and AAS-5. The 2-hour time period of AAS-I operations
was employed in an effort to obtain consistent pressure readings and vapor concentrations.
The effect of the applied sparge pressure was measured at adjacent monitoring wells and
vapor points via standard magnehelic gauges capable of detecting pressure differentials
ranging from 0.005 to 100.0 in. of water (in. H20). Measurements of flow (in scfm) were
recorded directly from the in-line Dwyer flow meters.

During the tests, measurements of the operating parameters of the system were recorded at
frequent intervals. The results of the AAS pilot tests are presented in the next section of this
report. Depth to water, pH, and dissolved oxygen measurements were recorded at the rate
of at least two rounds of data during the first two days of the test. To accomplish water
level gauging and determine the absence/presence of LNAPL, an Oil Recovery Systems, Inc.
oil/water interface probe was used. To obtain dissolved oxygen measurements, a Hydrolab
Model H20G water quality data meter was used. Each instrument was calibrated and

.decontaminated according to the manufacturer's specifications.
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3.3.1 Ground-Water Sampling and Analysis

related to the impact of changes in flows, pressures, etc. on system performance. The
methodologies used to conduct the monitoring and sampling activities are described below.
The field monitoring logs completed during the pilot test are provided in Appendix E.

Ground-water sampling at the site monitoring wells was conducted on three separate
occasions. The first round, conducted 13 July 1993, was accomplished prior to pilot testing
to obtain background ground-water quality. The second round, conducted 12-13 April 1994,
was completed after approximately 5 months of SVE. The third round, conducted 7-8 July
1994, was performed to assess ground-water quality at the site following the SVE/AAS pilot
test.

Prior to sampling, wells were gauged using an Oil Recovery Systems, Inc. oil/water interface
probe to determine depth to LNAPL (if present), depth to water, and depth to well bottom.
The Oil Recovery Systems, Inc. interface probe contains a graduated tape and probe capable
of distinguishing between LNAPL and water to an accuracy of 0.01 ft. Based on well
gauging results for all rounds, site wells were not observed to contain LNAPL and,
therefore, ground-water sampling was conducted at all site wells. Sampling was conducted
by a qualified geologist familiar with accepted methods for the extraction of ground-water
samples. In accordance with the Work Plan (EA 1993), purging and sampling of each well
was performed a minimum of 14 days after completion of well development.
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Ground-water samples collected on 13 July 1993 were shipped to lEA, Inc. of North
Billerica, Massachusetts. Ground-water samples collected on 12-13 April 1994 and 7-8 July
1994 were shipped to EA Laboratories of Sparks, Maryland. All samples were analyzed for
BTEX and MTBE by EPA Methods 602/8020, total petroleum hydrocarbons (TPH) as
gasoline by MEDEP laboratory operating procedure 4.2.1, and TPH as fuel oil by MEDEP
laboratory operating procedure 4.1.1. Ground-water samples from the 13 July 1993
sampling event were further analyzed for total iron and total manganese. by inductively
coupled plasma Method 200.7. A quality assurance duplicate ground-water sample was
collected from well MW-04 during the 12-13 April 1994 sampling event and analyzed for the
same parameters as the original sample. To document the cleanliness of the disposable
bailers, rinsate blank samples were collected during all sample rounds by running de-ionized

Each well sampled was purged using a new, dedicated 1.5-in. x 3-ft (length) polypropylene
disposable bailer and nylon sample cord. Either a minimum of 5 well volumes was removed
during the purging process or the well was purged dry a minimum of twice prior to obtaining
samples. Static water levels were recorded both prior to and after purging to ensure that
sufficient recharge had occurred prior to sampling. Ground-water samples were collected
and stored in sample containers, with collection sequence governed by order of volatility.
Samples were appropriately preserved, labeled, and retained in temperature controlled
coolers. Appendix F provides the Field Record of Well Gauging, Purging, and Sampling
forms completed for each of the sampling events.

EA Engineering, Science, and Technology
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3.3.2 Water Level Measurements

3.3.3 Dissolved Oxygen Measurements

3.3.4 Temperature, Conductivity, and pH Measurements

water through anew, dedicated disposable baiter and into the appropriate sample containers
and analyzing for the full volatile analysis list. As a check of the sample shipment process,
a trip blank was sent with each sample cooler and analyzed for BTEX and MTBE by EPA
Method 602. The results these analyses are discussed in Chapter 4.
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Ground-water quality parameters, including temperature, conductivity, and pH, were
recorded on a routine basis during SVEIAAS pilot plant operations to assess the effects of
AAS on the shallow water table aquifer. These parameters were also monitored during
ground-water sampling events. During AAS, the carbon dioxide and oxygen content of air
may affect the ground-water chemistry. Temperature, pH, and conductivity were recorded
with the Hydrolab

e
H20G multi-parameter water quality data transmitter. The instrument

probe was inserted into the water bearing zone of the well and readings taken either directly
or stored in a datalogger. The instrument was calibrated on a daily basis and operated in
accordance with manufacturer's specifications. The probe and lead wire were
decontaminated between measurements according to the protocol outlined in Section 3.4.

Dissolved oxygen measurements were obtained on a routine basis during SVE/AAS
operations to assess the lateral influence of the air sparging wells. Dissolved oxygen
measurements were obtained at ground-water monitoring wells and air sparging wells.
A Hydrolab@ H20G multiparameter water quality data transmitter, or a YSI

e
Model 57

Dissolved Oxygen Meter, were used to obtain the readings. When employing the Hydrolab
Model H20G, the dissolved oxygen probe was lowered into the well, permitted to stabilize,
and the measurement recorded. When using the YSI Model 57, the dissolved oxygen probe
was lowered into the well and manual stirring performed by raising and lowering the probe
about 1 ft per second. After allowing sufficient time for the probe to stabilize (approxi
mately 1 minute), the dissolved oxygen reading was taken. All equipment was calibrated and
operated in accordance with manufacturer's instructions. The probe and graduated tape were
decontaminated between measurements according to the manufacturer's protocol.

Depth to ground water and LNAPL (if present) data were collected from each of the site
monitoring wells and AAS wells at least monthly throughout the duration of the pilot test.
The purpose of obtaining water level readings is to monitor water table fluctuations
(i.e., seasonal) over time and to track the influence of the SVE/AAS remediation system on
the shallow water table. Water level readings, in addition to LNAPL (if any), were obtained
at monitoring wells and sparge wells using an Oil Recovery Systems, Inc. oil/water interface
probe graduated at O.Ol-ft intervals. The probe and graduated tape were decontaminated
between measurements according to the protocol described in Section 3.4.

EA Engineering, Science, and Technology
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3.3.7 Vacuum/Pressure Measurements

3.3.6 Ambient Air Temperature Measurements

3.3.8 Volatile Organic Compound Measurements

3.3.5 Soil Vapor Velocity, Flow Rate, and Temperature Measurements
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Vacuum/pressure response was recorded to determine the lateral influence of vapor
extraction trenches and AAS wells. During system start-up activities, vacuum/pressure
readings were obtained at frequent intervals on a daily basis until desired flow rates and
lateral influences were achieved. During the remainder of the field demonstration, vacuum
and pressure readings were recorded from the SVE trench and AAS well heads a minimum
of twice per month. Standard Magnehelic gauges were used to collect vacuum/pressure
influence data, in inches of H20. The gauges in service provided the following ranges
(inches of H20): 0-0.25, 0-1.0, 1-5, 1-10, and 1-100.

Ambient air temperature, which may influence SVE/AAS performance, was recorded at the
start of field activities and throughout the duration of the pilot test. Ambient temperature
was recorded from a weatherproof mercury thermometer.

Air velocity was measured by inserting the probe of the TSI Velocicalc Model 8355 air
velocity/flow rate meter to the midpoint of the piping at the monitoring point. The air
velocity is then recorded in feet per minute. The soil vapor temperature will then be
obtained by switching the meter function to the temperature mode and recording that value,
in degrees Fahrenheit. Flow rate was then calculated by multiplying the square footage of
the pipe opening by the air velocity (ft/min) to obtain ff/min. SVE flow rate and AAS
injection rates were also recorded using Dwyer Magnehelic or Capsuhelic differential
pressure gauges calibrated for flow through 4-in. (SVE) and 2-in. (AAS) pipe.

Total VOC concentrations were measured in soil vapor samples collected from the individual
SVE trenches, SVE composite, and after carbon vessel treatment at frequent intervals during
initial SVE and SVE/AAS pilot plant operations and at least twice per month thereafter
(except January 1994) to provide raw data on system performance. VOC measurements were
also collected at monitoring wells and soil vapor monitoring points during AAS start-up
operations to assess the approximate radial influence of the AAS system. VOC measure
ments were taken by inserting the tip of the HNu Systems, Inc.™ Model PIlOI or Microtip

EA Engineering, Science, and Technology

Soil vapor flow velocity and temperature readings were collected and utilized to calculate the
flow rate, in actual cubic feet per minute, at the SVE trenches and SVE extraction
composite. During initial SVE and SVE/AAS start-up activities, these measurements were
taken at frequent intervals to permit fine-tuning of the SVE/AAS pilot plant. At a minimum,
these measurements were obtained bi-weekly to ensure that desired flow rates were achieved.
The flow rate was then used to calculate the quantity of TVH removed.
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• Reconnect the fill valve to the teflon tubing.

• Close the fill valve on the air sample bag.

• Close the ball valve on the sampling train.

• Attach an unused piece of Tygon tubing to the hose bard and to the fill
valve on a new, dedicated I-liter Tedlar air sample bag.
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• After repeating the sample purge procedure, fill the bag once again to
collect the sample, making sure the fill valve is securely closed once the
bag is filled.

• Allow the bag to fill twice, deflating the bag after each fill to purge the
sample bag.

• After the purge is complete, open the fill valve on the air sample bag,
and allow the sample bag to fill. Once the bag has been inflated to
approximately two-thirds of its full capacity (e.g., fully inflated), close
the fill valve and the ball valve, and remove the tubing from the fill
valve.

• While keeping the sample bag under pressure, open the fill valve and
deflate the sample bag.

• Purge clean air from the sample train and the vapor sampling point by
opening the ball valve on the train and allowing air to pass through the
sample tube and out the bypass valve.

• Install a vapor sampling train consisting of a T-fitting equipped with
a ball valve and a fill valve, an air sample pump, and an in-line vacuum
vapor trap for connecting the gas sampler.

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

Vapor samples were collected at the SVE system manifold and SVE process stream influent
and effluent ports. All samples were collected according to the following procedures:

Model HS-2000 PhotoVac photoionization detector into the port of the I-liter Tedlar sample
bag after purging soil vapor from the monitoring point directly into the Tedlar bag with a
Gast

e
hi-volume vacuum pump. The photoionization detector reading was allowed to

stabilize, then the highest reading recorded. Prior to use, and at a minimum frequency of
daily, the photoionization detector was calibrated with a 100 parts per million isobutylene-in
air commercial gas standard, and used in accordance with the manufacturer's instructions.

EA Engineering, Science, and Technology
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• Rinsed with de-ionized water

• Rinsed with methanol

• Rinsed with de-ionized water

3.4 EQUIPMENT DECONTAMINATION
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• Placed in sealed plastic bag.

• Wrapped sampling equipment in aluminum foil or plastic, as appropriate

• Allowed to air dry

• Store the bag samples in a cool area and out of direct sunlight until ready
to obtain the photoionization detector measurement.

• Washed with warm potable water and laboratory-grade detergent
(e.g., Alconox@)

3.4.1 Decontamination of Sample Collection Equipment

• After removing the tubing from the fill valve, tighten the locking nut on
the fill valve so the valve cannot be inadvertently opened.

The procedure for cleaning non-disposable sample collection equipment was as follows:

EA Engineering, Science, and Technology
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Field personnel decontaminated monitoring/sampling equipment in between stations, after
each measurement/sample was taken, and at the conclusion of daily activities to ensure cross
contamination between stations did not occur, and to eliminate the possibility of contaminants
being carried offsite. Equipment cleaning was undertaken in a manner that minimized
contamination of monitoring/sampling sites, boreholes, and monitoring wells. All YQC
based washwaters and waste products generated during cleaning operations were cycled .
through granular activated carbon prior to discharge into the storm sewer.

All soil vapor and ground-water monitoring/sampling equipment was brushed with a wire
brush to remove soil particles. Samplers which were in contact with LNAPL were wiped
with absorbent cloth and then with reagent-grade methanol. Equipment that did not come in
contact with LNAPL was wiped with a dry cloth. All equipment was then washed in

.accordance with the rinse sequence described in detail below.
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• Rinsed with methanol

• Rinsed with de-ionized water

• Rinsed with de-ionized water

3.6 MANAGEMENT OF PIWT TEST DERIVED WASTE
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Modifications to the above were required for some field instruments, such as the Hydrolab,
which contains sensitive probes. In such instances, the procedures outlined in the vendors'
equipment operations manuals were followed.

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

• Allowed to air dry.

• Washed with potable water (from an approved source) and laboratory
grade detergent (e.g., Alconox@)

3.5 WCATION SURVEY

The procedure for cleaning field measuring equipment was as follows:

On 10 May 1994, representatives of the surveying firm Cornerstone Professional Land
Surveying, Inc. of Bowdoinham, Maine, under contract with EA, conducted elevation and
location surveying of the wells and site features at the NEX service station site. The services
for the survey included the establishment of horizontal and vertical control at pertinent site
features. Horizontal control was tied to the Maine State Plane Grid Coordinate System
according to North American Data of 1927, while vertical control was referenced to National
Geodetic Vertical Datum. Monitoring wells, soil boring locations, buildings, underground
tanks and equipment, fuel dispensing islands, roads, curbing, paved areas, and other
pertinent site features were located utilizing conventional surveying techniques. At
monitoring well locations, ground and PVC riser pipe elevations were surveyed. A site
survey map plotting locations of structures and improvements, soil borings, monitoring wells,
and soil vapor points was developed using AutoCAD Version 12.0.

EA Engineering, Science, and Technology

Wastes generated during the performance of the pilot study include well purging fluids,
SVE condensate fluids, and spent vapor-phase activated carbon vessels. Management of
these wastes is discussed below.

Purge water was generated during ground-water sampling at the ground-water monitoring
wells. Moisture condensed from soil vapor extracted during SVE operations was also
collected (less than 20 gal). No decontamination fluids were generated during ground-water

3.4.2 Decontamination of Field Measuring Equipment
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sampling as dedicated, disposable bailers were- used. Wastewaters were collected in a 55-gal
drum, treated via granular activated carbon, and discharged to the storm sewer located along
Burbank Avenue.

During the pilot test, two I, 800-lb granular activated carbon vessels were used to remove
TVH from the SVE air stream prior to atmospheric discharge. When the effectiveness of the
carbon vessels were determined to be limited due to hydrocarbon loading, the vessels were
returned to the vendor and the carbon regenerated for re-use. The first carbon vessel was
installed in October 1993, prior to the start of pilot test activities. Carbon vessel
replacement occurred on 22 March 1994. The second carbon vessel was removed from the
site on 15 July 1994.

As the SVE system was expected to remove soil vapor containing elevated concentrations of
TVH, MEDEP required an air pollution abatement system be used due to the potential for
SVE emissions to exceed 10 Ib/hour TVH and 100 Ib/day TVH. Though the SVEIAAS pilot
test did not require an air discharge permit, appropriate measures were expected to be taken
to ensure meeting the above emissions requirements. The soil vapor retrieved by the SVE
system was, therefore, directed through an 1,800-lb vapor-phase granular activated carbon
vessel prior to atmospheric discharge, ensuring the removal of TVH to below MEDEP
discharge limits.
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Review of the west to east soil profile south of Burbank Avenue shows the depth to marine
clay to occur at much shallower depths (approximately 7-14 ft below land surface). Similar
to the north-south soil profile, during seasonally low water table periods, the presence of the

The interpreted soils profile as viewed from north to south across the NEX service station,
Burbank Avenue, and the grassed area in the vicinity of the Family Services Center, shows
the fine to medium sands to decrease in thickness. An apparent rise in the marine clay may
provide seasonal hydraulic separation of the surficial water table aquifer, as shown in
Figure 4-2.

Shallow site stratigraphy was evaluated based on data obtained during the drilling and
trenching programs conducted as part of the pilot test, as well as geologic data from previous
studies. The data was used to develop geologic cross-sections oriented north-south and west
east across the site. The locations of the transect lines for the cross-sections is shown on
Figure 4-1. Figures 4-2 and 4-3 present the interpreted geologic cross-sections for transect
lines A-A' and B-B'.

The site-specific shallow overburden consists of a fine to medium sand with varying amounts
of silt. Beneath the NEX service station, the fine to medium sand contains a only trace
amount of silt. However, to the southeast toward the Family Services Center (the grassed
area), the silt content increases such that the unconsolidated soil may be referred to as
a sandy loam. The surficial layer of sandy loam ranges in thickness from 0 to 7 ft.
Underlying the sandy loam and the fine to medium sand at depths ranging from less than 4 ft
(MW-5) to greater than 21 ft (MW-IR) is a soft, gray silty marine clay. A sandy clay with
silt sub-unit was also encountered at several locations overlying the marine clay.
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The soft, gray marine clay underlying the fine to medium sands and sandy loam is reported
to extend to a depth of 93.5 ft, based on a geotechnical boring installed behind the NEX
service station in 1974 (ERM 1992). Reportedly underlying the marine clay is 2 ft of coarse
sand and gravel, followed by bedrock at approximately 95.5 ft below grade. A geotechnical
report prepared for a site located less than 1,500 ft northwest of the NEX service station
reports the marine clay sequence to range in thickness from 32.5 ft to 53.5 ft (Haley &
Aldrich, Inc. 1992). Based on the extensive thickness of the clay sub-unit, it is likely that
the deposit acts as an aquitard, inhibiting the vertical movement of ground water (hydraulic
communication) between the surficial water table aquifer and potential deep aquifers.

4. PILOT TEST RESULTS

4.1.1 Surficial Soil

EA Engineering, Science, and Technology

4.1 SITE HYDROGEOLOGY
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4.1.2 Ground-Water Occurrence

4.2.1 Introduction

4.2 SHORT-TERM PILOT TEST RESULTS

marine clay at shallow depths may serve as an' apparent hydraulic barrier, thus diverting the
direction of ground-water flow (Figure 4-3). Incomplete hydrogeologic data currently exists
to fully assess ground-water movement southeast of the existing tank field.
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On 27-28 October 1993, SVE pilot tests were conducted on vent trenches SYE-4 (60-ft
length) and SVE-1 (40-ft length). The objective of the tests was to assess SVE radius of
influence and optimal flow rates within asphalt-covered and grassed areas. The vent tests
involved applying a vacuum to the vent pipe, causing a lower piezometric head within the
voids in the soil near the piping. This resulted in air movement through the interstices of the

Movement of the shallow water table across the subject site is to the south-southwest at a
shallow gradient, with a slight increase in hydraulic gradient observed south of Burbank
Avenue. Figures 4-4 through 4-6 provide interpreted water table elevations prior to SVE,
prior to SVEIAAS, and following pilot testing, respectively (corresponding to the three
rounds of ground-water sampling conducted). As shown on the figures, the relative elevation
and ground-water flow direction has remained consistent throughout the study period.

Depth to ground water at the site ranges from 1.10 (Well MW-5) to 8.15 ft (sparge well
AAS-1) below top of well casing. Depth to ground water was observed to fluctuate an
average of 1.5 ft due to seasonal influences, with variations of up to 2.4 ft observed at well
MW-5.

Well gauging was accomplished during each site visit to assess depth to ground water and
confirm the absence or presence of LNAPL. Results of the gauging conducted from 13 July
1993 to 8 July 1994 are provided in Appendix G. In total, well gauging was accomplished
34 times throughout the approximate I-year period.

During the extended well gauging period, LNAPL was not consistently observed at any of
the 15 monitoring locations. Measurable LNAPL thicknesses were recorded at one well
location during the performance of the pilot study, at thicknesses ranging from 0.01 to
0.20 ft (sparge well AAS-7). Sparge well AAS-7 was found to contain approximately 0.20 ft
of product on 26 October 1993. After bailing, the LNAPL thickness was reported at 0.01 ft
on 28 October 1993. LNAPL was not detected in the well again until 0.01 ft was reported
on 7 June 1994. The screened interval of sparge well AAS-7 is located below the top of the
water table, which may inhibit the influx of LNAPL into the well. On one occasion, a film
of LNAPL «0.01 ft) was reported at sparge well AAS-5 (7 June 1994). A spotty
hydrocarbon sheen of LNAPL was observed during several gauging events at monitoring
well MW-4R and sparge wells AAS-3 and AAS-4.
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4.2.2 Radius of Influence

affected vadose zone. The test results were used to calculate soil permeability to air,
interpreted effective radius of influence, and TVH removal rates in soil vapor. Using these
results, long-term SVE operational parameters were established.

Soil vapor removal rates are a function of blower capacity , tightness of soil (soil permeability
to air), and size of zone being vented, and are required to determine mass loading of TVH to
the atmosphere. Field data sheets completed during testing are provided in Appendix E.

Short-term SVE tests were conducted in two steps. The first step, a step test, was performed
to determine well head vacuum at different blower flow rates and provides information
necessary for the design and operation 'of the SVE system. The second test, the constant rate
test, was used to evaluate the radius of SVE influence from the test point. Soil permeability
to air was also assessed using the constant rate test data.

Project No.: 12197.14
Revision: Final

Page 4-3
September 1994

SYE/AASPdotStudy ReportContract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

Table 4-2 summarizes the results of the differential pressure monitoring conducted during
testing at SVE-l. Nine vacuum monitoring points (VP-9 through VP-16, and SVE-3) were
used during the test. Differential pressure measurements recorded during Test Step I were
used to assess radial influence based on TVH concentrations and flow response. During the
test step, differential pressures ranged from 0.0 in. H20 at a distance of approximately 25 ft
to 3.80 in. H20 at a distance of approximately 15 ft from SVE-l. A differential pressure of
0.73 in. H20 was measured at greater than 40 ft from SVE-l.

Table 4-1 summarizes the results of the differential pressure monitoring conducted during
testing at SVE-4. Differential pressure measurements recorded during Test Step 4 (same
settings as Test Step I) were used to assess radial influence based on TVH concentrations
and flow response. During the test step, differential pressures ranged from 0.0 in. H20 at
distances of approximately 37 and 46 ft to 0.46 in. H20 at a distance of approximately 10 ft
froin SVE-4. A differential pressure of 0.33 in. H20 was measured at a distance of
approximately 21 ft from SVE-4.
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The step test performed at SVE-4 was conducted at flow rates of 185, 275, and 319 cfm.
Seven vacuum monitoring points (VP-I, VP-2, and VP-5 through VP-9) were used during
tests at SVE-4. The step test at SVE-I was conducted at flow rates of 88, 110, and 138 cfm.
Nine vacuum monitoring points (VP-9 through VP-16, and SVE-3) were used during the test.
Figure 4-7 shows the locations of the vacuum monitoring points in relation to the vent
trenches.
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where

log dP = a + bX

Differential pressure gauge readings for the constant rates tests were linearly regressed
against horizontal distance from the vent trench using a relationship of the form:

dP = Pressure differential (vacuum), inches water
a = y intercept at X = 0
b = Slope of the regression line
X = Distance of monitoring point from well, feet.
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Vacuum readings at the vent trench manifold were used in the regression analysis because
they were determined to be representative of conditions in the surrounding soil. The zone of
effective SYE influence was operationally defined to be that area within a pressure
differential of 0.25 in. H20. Data from up to three monitoring points were excluded from
each regression analysis due to the inability to monitor the location or slow/delayed gauge
response. Regression analysis data and graphs are provided in Appendix H.

The 0.25 in. H20 differential pressure guideline and the previously described linear model
were used to calculate SYE radius of influence at SYE-l, located within the paved lot at the
NEX service station. Radius of influence from vent trench SYE-l was calculated at 49 ft for
Test Step 1 (110 cfm at 13 in. H20). As the remaining step tests approximated durations of
60 minutes, radial of influence was likewise calculated for these steps. At a blower setting
of 138 cfm and 15 in. H20 vacuum (Test Step 2), the interpreted SYE radial influence was
calculated at 54 ft. For Test Steps 3 and 4, flow rates of 88 cfm at 10 in. H20, and 80 cfm
at 8 in. and H20, the interpreted SYE radial influence was calculated at 42 ft. The results
demonstrate an increasing radial influence with applied vacuum. Figure 4-7 shows the
interpreted radius of influence for vent trench SYE-l.

For tests conducted at trench SYE-4, the effective SYE radial influence was much lower than
that of SYE-l, primarily due to its location within a grassy area. The interpreted radius of
influence during Test Steps 1 and 4 (185 cfm at 10 in. H20) was calculated at 16 ft. As the
remaining step test time frames exceeded 30 minutes, radial influence was likewise calculated
for these test steps. For Test Step 2, (319 cfm at 16 in. H20), the interpreted SYE radius of
influence was calculated at 17 ft. The interpreted SYE radius of influence for Test Step 3
(275 cfm at 14 in. H20) was calculated at 18 ft. The results show a negligible increase in
radial influence with increased .vacuum or flow, presumably related to short-circuiting of
ambient air through the grassed surface. Figure 4-7 shows the interpreted radius of influence
for vent trench SYE-4.

EA Engineering, Science, and Technology
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where

4.2.4 Hydrocarbon Removal Rates

Soil permeability was calculated using the following equation (Johnson et al. 1988):
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Ka - Soil permeability to air (cm2
)

Q - Flow in cm3
/ sec

u = Viscosity of air = 0.018 cp
Rw = Radius of vent well (em)
R( = Distance R from vent well (em)
H = Effective well screen (em)
Pw = Vent well head pressure (absolute, atm)
PM = Pressure at monitoring point R( (absolute, atm).

Soil vapor samples were collected before and after the exhaust gas treatment during the
short-term pilot tests. Samples of pre-treatment (influent) vapor were obtained at the positive
pressure side of the system, and the post-treatment (effluent) samples were taken in the
exhaust stack of the system. All samples were collected while the system was operating by
inserting a gas-tight syringe through a septum port in the equipment piping. Soil vapor
samples were analyzed onsite employing the methodology described in Section 3.1.2 for
analyzing soil vapor samples.
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Using the data obtained during the SVE pilot tests, soil permeability at the project site during
short-term SVE pilot testing at SVE-l was calculated at 15.20 darcy, or 1.5 x 10-7 cm2

•

Soil permeability to air in the vicinity of SVE-4 was calculated at 12.32 darcy, or 1.2 x
10-7 cm2 based on short-term testing (Appendix H). These results are consistent with
reported permeability values for silty to clean sands (Freeze and Cherry 1979) and sandy
soils (Johnson et al. 1988).

4.2.3 Soil Permeability

Analyte concentrations for soil vapor extracted during the vent test are presented in
Tables 4-3 through 4-5. Prior to the start of the tests, soil vapor samples were collected
from monitoring points adjacent to SVE-4 and SVE-l, and from each SVE line, to assess the
concentrations of TVH which may potentially be removed by SVE (see vapor point data in
Tables 4-3 through 4-5). TVH concentrations in the SVE lines ranged from 0.9 PPIllv
(SVE-5) to 570 ppmy (SVE-3). TVH concentrations in soil vapor samples ranged from,
< 0.1 ppmy (multiple locations) to 83,000 PPIllv (VP-7). The two concentrations observed
greater than 100 ppmy were reported in samples taken hydraulically downgradient of the tank
field.
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4.3 LONG-TERM PILOT TEST RESULTS

To ensure adequate removal of TVH from the extracted soil vapor, samples taken following
treatment by granular activated carbon were also analyzed. The results show TVH
concentrations ranging from 0.2 ppmy (0.02 lb/day) to 4.3 ppmy (0.21 lb/day), indicating
compliance with MEDEP discharge criteria for TVH. .

During pilot testing at SVE-4, TVH concentrations in the soil vapor removed increased
significantly as a result of SVE (Table 4-4). Concentrations of TVH varied significantly
during the performance of the step tests. During Step Test 1, the average TVH
concentrations was approximately 551 PPlTlv. As vacuum and flow rate were increased at
SVE-4, the average TVH concentrations decreased to 335 ppmy and then 33 ppmy , during
Test Steps 2 and 3, respectively. The analysis of vapor samples confirmed that an increase
in vacuum and flow rate would reduce SVE efficiency within the grassed area (e.g., SVE-4
and SVE-5).

Analysis of soil vapor samples collected during pilot testing at SVE-l confirmed significant
increases in TVH concentrations as a result of active SVE. Varying vacuum and flow rate
during the pilot test suggested moderate variability in TVH removal (Table 4-5). TVH
concentrations in the vapor samples were reported to range between 1,300 PPlTlv (Test Step 2)
and 3,500 ppmy (Test Step 3), with the lower concentrations reported during periods of
higher flow rate and vacuum. The results show no loss in removal efficiency due to short
circuiting at surface grade (paved surface). These results were utilized to establish operating
parameters at SVE-2 and SVE-3, both located primarily within paved areas.
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Following the completion of the short-term pilot tests, minor system adjustments were made
to obtained the desired flow rates and vacuums in both the paved and grassed areas. Long
term pilot test activities commenced 15 November 1993 with the operation of the SVE pilot
plant. SVE pilot plant operations were performed according to the following site visit
schedule: twice per week from 15 November through December 17 1993, weekly from
18 to 31 December 1993, monthly during 1 January through 15 March 1994, and twice per
month from 16 March through 2 May 1994. Site visits during SVE/AAS pilot plant
operations were made weekly from 3 May to 8 June 1994, at which time SVE-only
operations were again continued until 22 June 1994. A summary of the daily TVH removal
rates for individual SVE trenches, and the SVE composite, calculated for each site visit is
provided in Table 4-6. Table 4-7 provides a summary of the field monitoring conducted at
site monitoring and sparge wells throughout the duration of the pilot tests. Field monitoring
logs are provided in Appendix E.
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SVE pilot plant operations were effectively restarted on 20 April 1994. SVE-5 had to
remain deactivated as water was still in the return line due to the shallow depth to water in
that vicinity. Upon reactivation, the TVH removal rate was calculated at 0.9 lb/day,
approximately the same rate observed prior to experiencing weather-related down time. SVE
pilot plant operations continued until 2 May 1994, at which time it was determined that the
AAS system could be operated.

Combined SVE/AAS pilot plant operations were run from 3 May to 7 June 1994. During
this period, 4 of 10 AAS wells were actively sparged. Concurrent operation of the SVE and
AAS pilot plant systems resulted in an immediate increase in the TVH removal rate from
1.9 lb/day (3 May 1994) to 16.3 lb/day (4 May 1994), of which 14.4 lb/day was attributed
to AAS. Net TVH daily removal rates via AAS were calculated by subtracting the
asymptotic SVE baseline removal rate from the SVEIAAS removal rate.

Based on the questionable flow rates and elevated vacuum measurements obtained during
system monitoring during the SVE pilot plant operational period from 17 February to
19 April 1994, TVH removal was considered to be negligible. Primary factors in the SVE
system down time included increased water table elevation, which introduced water into the
screened intervals of several SVE trenches, and extensive frost. Continued efforts to remove
water from the piping systems during this period were successfully conducted when the frost
had dissipated, snow had melted, and water table elevations had decreased.

SVE composite removal rates were calculated based on the summation of the flow rates from
individual trenches and the composite TVH concentration from the SVE manifold. The
initial TVH removal rate upon system activation (15 November 1993) was calculated at
78.3 lb/day. TVH removal rates on 16 November 1993 from the SVE trenches ranged from
0.24 lb/day at SVE-5 to 6.48 lb/day at SVE-2 (Table 4-6). Hydrocarbon removal rates
decreased to 18.3 lb/day by 19 November 1993 and to 9.5 lb/day by 7 December 1993.
From the period of 10 December 1993 through 16 February 1994, TVH removal rates
decreased from 7.5 lb/day to 1.9 lb/day.
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Long-term SVE and SVEIAAS pilot plant operations were monitored to assess the cumulative
total of TVH removed from the subsurface. Analysis of soil vapor samples were completed
with field-calibrated photoionization detectors. Daily TVH removal rates calculated for
individual SVE trenches and the SVE composite are provided in Table 4-6. Appendix I
provides the cumulative hydrocarbon removal calculations for both the SVE and SVEIAAS
phases of the pilot study. Based on the monitoring data and formula assumptions discussed
in Appendix I, in total, 888.5 lb of hydrocarbons were removed from the subsurface during
the long-term pilot test, including over 65 lb of hydrocarbons removed from the saturated
zone during AAS (Figure 4-8).

4.3.1 Cumulative Hydrocarbon Removal
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4.3.2 Air Sparging Operational Results

To ensure adequate removal of TVH from the extracted soil vapor, samples taken following
treatment by granular activated carbon were also analyzed. The reported maximum TVH
concentration was 86 ppmv (14 lb/day), which occurred during the initial SVE pilot plant
start-up in November 1993. At no time during the pilot test were MEDEP air discharge
criteria for TVH exceeded.

System re-adjustments were made on several occasions to modify flow rates and pressures.
Air sparge rates at individual wells ranged from 17 to 54 cfm during the test period.
Combined sparge rates during the test period ranged from 127 to 183 cfm. Corresponding
SVE removal rates during this same period ranged from 346 to 406 cfm. Thus, the
minimum vapor extraction to air injection ratio maintained was 2.2: 1. Air sparging rates

Flow rates were recorded at the well head assembly of the AAS wells using a flow sensor
and a Dwyer Capsuhelic· differential pressure gauge calibrated for flows from 0 to 50 cfm.
Flow measurements within the treatment building could not be utilized as the flow rates into
manifolds exceeded 50 cfm. As a result of the need to utilize the flow sensor and gauge,
which is of limited reliability in shorter pipe lengths, flow measurements are considered
approximations.
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Air sparging operations commenced on 3 May 1994. Operational results are provided in
Appendix E. TVH removal rates calculated for individual SVE trenches and the SVE
composite for each site visit during SVEIAAS are provided in Table 4-6. Table 4-7 provides
a summary of the water quality monitoring conducted at site monitoring and sparge wells.
Table 4-8 provides a summary of air injection rates during the SVEIAAS pilot plant
operational period.

Prior to activation of the 4 AAS wells, well AAS-l was briefly operated to assess injection
rates and radial influences which may be achieved. In response to the relatively high soil
permeability, the initial air injection rate into well AAS-1 (32-36 cfm) was considerably
higher than anticipated (10-15 cfm). Following the brief test period, wells AAS-2, AAS-3,
and AAS-5 were activated at injection (sparge) rates of 35 cfm, 32 cfm, and 24 cfm,
respectively, for a combined injection rate of 127 cfm (Table 4-8).

As was the case during extended SVE operations, hydrocarbon removal rates decreased
through time. Following one week of SVEIAAS, TVH removal rates were calculated at
3.9 lb/day, of which 2.9 lb/day was attributed to AAS. Following 2 weeks of SVE/AAS,
TVH removal rates were calculated at 1.6 lblday, of which 0.7 lblday was attributed to
AAS. Just prior to deactivation of the AAS system, TVH removal rates attributed to AAS
were calculated at 1.1 lb/day. In total, 65.4 lb of TVH was calculated as being removed
from the shallow water table as a result of AAS pilot plant operations (Appendix I).
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decreased slightly from 11 to 25 May 1994, from 183 to 152 cfm. This decrease was a
result of a decrease in the shallow water table elevation, which enabled lower well head
pressures to be maintained (and thus lower sparge rates).

Other water quality parameters, including pH, temperature, and conductivity, were measured
to assess potential indications of AAS radial influence. None of these parameters proved
useful in assessing radial influence. Depth to water also could not be used to gauge AAS
innuence, particularly due to the seasonal fluctuations occurring during the spring months.

The presence of a LNAPL sheen at sparge well AAS-5 appeared to be the result of the
mobilization of LNAPL trapped from below the top of the water table in that vicinity.
Sparge well AAS-5 is adjacent to ground-water monitoring well MW-4, which historically
has contained the highest concentrations of dissolved-phase and sorbed hydrocarbons at the

The AAS pilot plant was de-activated on Tuesday, 7 June 1994, due to the presence of a film
of LNAPL within active sparge well AAS-5. The presence of LNAPL on this date marked
the first time LNAPL had been observed at this location. LNAPL was also observed as a
film in inactive sparge well AAS-7; however, free-product had been observed at this location
in the past. Other factors contributing to the deactivation of the AAS pilot plant were that
elevated concentrations of TVH were observed adjacent to the existing tank field, where
insufficient SVE coverage appeared to exist; dissolved oxygen levels in ground water could
not be used to asses AAS radius of influence; and to evaluate the concentrations of petroleum
hydrocarbons in site ground water following AAS at high injection rates.
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Dissolved oxygen levels in ground water, typically used to assess radial influence of sparge
wells, did not demonstrate a discernable trend with respect to decreased concentration versus
distance from sparge wells. Dissolved oxygen concentrations monitored throughout the
duration of the long-term pilot study are provided in Table 4-7. As shown, many dissolved
oxygen measurements were recorded at levels approaching oxygen saturation in ground
water. Such readings can be rationalized in the vicinity of the active AAS system, as
ambient air containing approximately 20 percent oxygen is sparged into the shallow water
table. At outlying wells, such as well MW-5, elevated dissolved oxygen concentrations may
be related to the shallow depth to water and the zone within the well where the measurements
were taken (top of water table).

Attempts at assessing AAS radial influence were made by monitoring differential pressure
within the vadose zone and dissolved oxygen in ground water. Measurements of differential
pressure did not show a discernable trend of decreasing pressure versus distance; this was
primarily due to the concurrent operations of the SVE system, which was necessitated by the
continued observance of elevated TVH concentrations in the exhaust stack of the footing
drain at the Family Services Center. In general, vacuum within the vadose zone was
observed to decrease immediately following start-up of AAS operations. At locations
experiencing limited SVE, such as by the tank field, active sparging appeared to create a
pressure within the vadose zone.

EA Engineering, Science, and Technology

I
I
I
I
I
'I
I
I
I
I
I
I
I
I
I
I
I
I
I



4.3.3 Results of Soil Sampling

Significant decreases in petroleum hydrocarbons concentrations were observed in the soil
samples collected at well MW-4R as a result of active SVE (Table 4-10). TPH as gasoline
concentrations reportedly decreased from 31,000 to 2,500 mg/kg. Concentrations of TPH as
fuel oil, reported at 4,800 mg/kg prior to pilot testing, was reported as non-detected

site. The presence of a LNAPL sheen in site wells is not an indication of uncontrolled
LNAPL transport. The presence of LNAPL at this location may be in response to the forced
mobilization of LNAPL which had been trapped within the soil beneath the water table, or
within the zone of water table fluctuation. This result may be an indication that air sparging
is physically removing petroleum hydrocarbons from the shallow water table.

As shown in Table 4-10, from prior to pilot testing to active SVE, concentrations of total
BTEX and MTBE in the soil sample collected at upgradient well MW-IR deceased from
6.5 jlg/kg to non-detect, and 2.6 jlg/kg to non-detect, respectively. TPH as fuel oil also
decreased from 6 mg/kg to non-detect during that period. TPH as fuel oil reportedly
increased during the period from 10 mg/kg to 120 mg/kg at well MW-1 R. The latter result,
however, was reported by the laboratory as a dissimilar GC fingerprint than fuel oil and was
reported based on the elution range of fuel oil.
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Table 4-9 shows that soil samples collected at wells MW-4R and AAS-3R contain elevated
concentrations of petroleum-related hydrocarbons. Both of these wells are located in the
vicinity of the former dispenser lines. Total BTEX concentrations in soil samples collected
at these locations were reported at 835,000 jlg/kg and 95,600 jlg/kg, respectively. TPH as
gasoline was reported at concentrations of 2,500 mg/kg and 263 mg/kg, respectively, at wells
MW-4R and AAS-3R. TPH as fuel oil was reported at low concentrations at wells MW-IR
and MW-4R only; however, the analytical report states that these results are a dissimilar OC
fingerprint than a fuel oil and were reported based on the elution range of fuel oil.

Soil samples were collected during the March 1994 installation of replacement monitoring
wells MW-IR and MW-4R and replacement sparge wells AAS-3R and AAS-4R. The soil
sample collected from monitoring well MW-4R was retained from the same approximate
location and depth as the soil sample collected during the March 1992 well installation
program. Soil samples were analyzed for the same parameters as the March 1992 soil
samples to assess the impact of active SVE at the site. Soil samples collected during the
installation of replacement wells represent subsurface conditions following approximately
4 months of SVE operations. Table 4-9 provides a summary of the analytical results for the
soil samples collected at replacement wells in March 1994. The results of the analyses
performed on soil samples collected from monitoring wells MW-IR and MW-4R in March
1994, along with the results of the analyses performed on soil samples collected at these well
locations in 1992, are summarized in Table 4-10. The analytical report for the soil samples
collected during the installation of replacement monitoring and sparge wells is provided in
Appendix J.
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4.3.4 Results of Ground-Water Sampling

following approximately 4 months of SYE. Total BTEX concentrations were reported to
decrease from 2,785,300 to 835,000 p.g/kg as a result of SYE. MTBE concentrations were
reported to decrease from 7,300 p.g/kg to non-detected.

At upgradient (background) monitoring well MW-1, non-detect concentrations of BTEX,
MTBE, TPH as gasoline, and TPH as fuel oil have been reported for the four sampling
rounds conducted at the subject site. Therefore, operation of sparge well AAS-1 has not
resulted in the forced migration of dissolved-phase hydrocarbons to this area.

At the 3 wells located hydraulically downgradient of the tank field, concentrations of
dissolved-phase hydrocarbons have remained low. Total BTEX concentrations at wells
MW-2 and MW-3 have decreased through time, and historically has not been detected at well
MW-5 (Table 4-11). At no point during the performance of the pilot test were the MEDEP
remedial action goals of 5 p.g/L of benzene and 50 p.g/L TPH as gasoline exceeded at these
locations, with the exception of a reported TPH gasoline concentration of 51 p.g/L during the
7-8 July 1994 sampling at well MW-3.
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Within the suspected release area, concentrations of dissolved phase hydrocarbons at well
MW-4 (which was redrilled as well MW-4R) have varied widely over time, but have
remained at concentrations indicative of the presence of LNAPL within the subsurface. Prior
to pilot testing, concentrations of total BTEX in ground water were reported at 38,900 p.g/L
and 7,510 p.g/L, respectively, on 20 May 1992 and 13 July 1993. Following several months
of SVE, total BTEX was reported at 22,947 p.g/L (April 1994). At the conclusion of the
SVEIAAS pilot study, the reported total BTEX concentrations was 38,031 p.g/L. Similar
results were reported for TPH as gasoline and TPH as fuel oil, except in these instances the
post-test results were reported at lower concentrations. MTBE concentrations of up to
210 p.g/L were reported for during the latter two sampling rounds. The MEDEP remedial
action goal for MTBE is 50 p.g/L.

Ground-water sampling was conducted on three occasions at the subject site. The first
round, conducted 13 July 1993, was completed prior to pilot testing to obtain background
data on ground-water quality. The second round, conducted 12-13 April 1994, was
completed following approximately 5 months of SYE and just prior to activation of the AAS
pilot plant. The final round of sampling was conducted 7-8 July 1994 following the
completion of pilot plant testing. Table 4-11 summarizes the analytical results for ground
water samples collected at the 5 site monitoring wells. Also included in the table are the
analytical results from the round of sampling conducted on 20 May 1992 by others. The
analytical reports for the 13 July 1993, 12-13 April 1994, and 7-8 July 1994 sampling rounds
are provided in Appendix K.
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The MEDEP remedial action goal of 50 jJ.g/L for TPH as fuel oil was exceeded at all
three downgradient wells, with concentrations ranging from 110 jJ.g/L (well MW-3) to
280 jJ.g/L (well MW-2). The laboratory, however, has reported that these samples did not
have chromatographic fingerprints indicative of petroleum product. According to the
laboratory, the fingerprints were indicative of higher average molecular weight interferences,
but since the compounds eluted within the boiling point range of fuel oil, they were
quantified against fuel oil. Based on this assessment, the remedial action goal for TPH as
fuel oil was not exceeded at any of the downgradient well locations.
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TABLE 4-1 DIFFERENTIAL PRESSURE MEASURED AT
MONITORING POINTS DURING PERFORMANCE OF SOIL VAPOR
EXTRACTION PILOT TEST AT TRENCH SVE-4, 27 OCTOBER 1993

NAVY EXCHANGE SERVICE STATION
NAVAL AIR STATION, BRUNSWICK, MAINE

Monitoring Points (Distance from SVE-4)

VP-l VP-2 VP-5 VP-6 VP-7 VP-8 VP-9
Test Time (46.5 ft) (37.5 ft) (21 ft) (31 ft) (60 ft) (10ft) (25 ft)

Test Step 1: 10 in. H20 Vacuum (185 crm)

OMIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9MIN 0.00 0.00 0.30 0.05 0.00 0.44 0.02

16MIN 0.00 0.00 0.29 0.05 0.00 0.44 0.08

26MIN 0.00 0.00 0.29 0.05 0.00 0.44 0.01

31MIN 0.00 0.00 0.30 0.05 0.00 0.44 0.01

36MIN 0.00 0.00 0.30 0.05 0.00 0.44 0.02

41MIN 0.00 0.00 0.30 0.05 0.00 0.44 0.02

46MIN 0.00 0.00 0.30 0.05 0.00 0.44 0.02

52MIN 0.00 0.00 0.30 0.05 0.00 0.46 0.02

58MIN 0.00 0.00 0.30 0.05 0.00 0.46 0.02

Test Steo 2: 14 in. 11,0 Vacuum (275 crm)

68MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.03

70MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.03

91MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.05

102MIN 0.00 . 0.00 ~0.50 0.11 0.00 ~0.50 0.08

I11MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.10

116MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.11

125MIN 0.00 0.00 ~0.50 0.11 0.00 ~0.50 0.11

Test Steo 3: 16 in. H,O Vacuum (319 cfm)

148MIN 0.00 0.00 ~0.50 0.14 0.00 ~0.50 0.18

163MIN 0.00 0.00 ~·0.50 0.14 0.00 ~0.50 0.20

Test Steo 4: 10 in. H,O Vacuum 085 cfm)

181MIN 0.00 0.00 0.32 0.07 0.00 0.45 0.00

195MIN 0.00 0.00 0.33 0.07 0.00 0.46 0.02

215MIN 0.00 0.00 0.33 0.07 0.00 0.46 0.06

300MIN 0.00 0.00 0.33 0.06 0.00 0.46 0.18

NOTE: Results expressed in inches Hp. Pilot test for trench SVE-4 ran continuously for 300
minutes. Test Step 1 ran for 58 minutes. Test Step 2 ran for 67 minutes. Test Step 3
ran for 38 minutes, and Test Step 4 ran for 137 minutes.
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TABLE 4-2 DIFFERENTIAL PRESSURE MEASURED AT MONITORING
POINTS DURING PERFORMANCE OF SOIL VAPOR EXTRACTION

PILOT TEST AT TRENCH SVE-1, 28 OCTOBER 1993
NAVY EXCHANGE SERVICE STATION

NAVAL AIR STATION, BRUNSWICK, MAINE

Monitoring Points (Distance from SVE-l)

VP-I0 VP-ll VP-12 VP-13 VP-14 VP-15 VP-9 VP-16 SVE-3
Test Time (15 ft) (20 ft) (25 ft) (35 ft) (15 ft) (25 ft) (25 ft) (40 ft) (65 ft)

Test Step 1: 13 in. H20 Vacuum (110 cfm)

OMIN 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 (a)

9MIN ~0.50 ~0.50 '0.0 ~0.50 ~0.50 0.32 0.00 0.00 (a)

14MIN ~0.50 ~0.50 0.0 ~0.50 ~0.50 0.34 0.00 0.00 (a)

19MIN ~0.50 ~0.50 0.02 ~0.50 ~0.50 0.35 0.00 0.00 (a)

24MIN ~0.50 ~0.50 0.02 ~0.50 ~0.50 0.35 0.00 0.00 (a)

29MIN ~0.50 ~0.50 0.05 ~0.50 ~0.50 0.36 0.00 0.00 (a)

34MIN ~0.50 ~0.50 0.06 ~0.50 ~0.50 0.37 0.00 0.00 (a)

39MIN 3.80 3.05 0.10 1.35 2.05 0.40 0.00 0.00 (a)

49MIN 3.85 3.05 0.12 1.35 2.05 0.41 0.00 0.00 (a)

62MIN 3.80 2.80 (b) 1.35 2.20 (b) 0.00 0.00 (a)

113MIN 3.20 2.10 (b) 1.00 (b) (b) 0.00 0.73 (a)

Test Step 2: 15 in. H20 Vacuum (138 cfm)

144MIN 4.00 2.90 (b) 0.80 2.20 (a) 0.01 0.89 1.20

158MIN 4.05 2.90 (b) 0.80 2.20 (a) 0.00 0.89 1.20

170MIN 4.05 2.90 (b) 0.80 2.20 (a) 0.00 0.88 1.20

Test Step 3: 10 in. H20 Vacuum (88 cfm)

185MIN 2.20 1.40 (b) 0.40 1.20 (a) 0.0 0.50 0.80

190MIN 2.20 1.40 (b) 0.40 1.20 (a) 0.0 0.50 0.80

195MIN 2.20 1.40 (b) 0.30 1.20 (a) 0.0 0.50 0.80

200MIN 2.20 1.40 (b) 0.30 1.20 (a) 0.0 0.50 0.80

Test Step 4: 8 in. H20 Vacuum (80 cfm)

255MIN 1.95 1.40 0.01 0.58 1.00 (a) 0.00 0.46 (a)

(a) Location not monitored.
(b) Monitoring data not available due to slow gauge response (caused by usage of gauge at multiple monitoring points).

NOTE: Results expressed in inches Hp. Pilot test for trench SVE-l ran continuously for 255 minutes. Test Step
1 ran for 113 minutes, Test Step 2 ran for 57 minutes, Test Step 3 ran for 30 minutes, and Test Step 4
ran for 55 minutes.
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TABLE 4-3 ANALYTICAL RESULTS FOR SOIL VAPOR SAMPLES
COLLECTED PRIOR TO SOIL VAPOR EXTRACTION PILOT

TESTING AT TRENCH SVE-4, 25-26 OCTOBER 1993
NAVY EXCHANGE SERVICE STATION

NAVAL AIR STATION, BRUNSWICK, MAINE

Location Total Total Total Volatile
(Distance from SVE-4) Benzene Toluene Ethylbenzene Xylenes BTEX Hydrocarbons

Blank <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-1 (46.5 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-2 (37.5 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-3 (31.5 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-4 (25 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-5 (21 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-6 (31 ft) <0.1 <0.1 <0.1 <0.1 NO <0.1

VP-7 (60 ft) 46.8 17.6 <0.1 19.0 83.4 83,000

Blank <0.1 <0.1 <0.1 <0.1 NO 0.2

SVE-1 <0.1 <0.1 <0.1 <0.1 NO 3.1

SVE-2 0.4 0.2 <0.1 <0.1 0.6 14

SVE-3 14.2 lOA <0.1 <0.1 24.6 570

SVE-4 <0.1 <0.1 <0.1 <0.1 NO 14

·SVE-5 <0.1 <0.1 <0.1 <0.1 NO 0.9

Blank <0.1 <0.1 <0.1 <0.1 NO 0.3

NOTE: NO = Not detected.
Results in parts per million by volume (PPIllv).
BTEX summation excludes unquantified compounds.
Total volatile hydrocarbons are the sum of the BTEX compound concentrations and
unquantified compounds ("benzene equivalents" and "xylene equivalent") (Section 3.1.2).
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TABLE 4-4 ANALYTICAL RESULTS FOR SOIL VAPOR SAMPLES
COLLECTED DURING SOIL VAPOR EXTRACTION PILOT

TESTING AT TRENCH SVE-4, 27 OCTOBER 1993
NAVY EXCHANGE SERVICE STATION

NAVAL AIR STATION, BRUNSWICK, MAINE

Location (Distance Total Total Total Volatile
from SVE-4) Benzene Toluene Ethylbenzene Xylenes BTEX Hydrocarbons

Blank <0.1 <0.1 <0.1 <0.1 NO <0.1

Influent (Background) 8.4 4.5 <0.1 3.5 16.4 323

VP-8 (10 ft) <0.1 <0.1 <0.1 <0.1 NO 8.9

VP-9 (25 ft) (a) 279 55.2 395 729.2 2,300

Influent (Step 1) 15 13 3 30.8 61.8 471

Effluent (Step 1) <0.1 <0.1 <0.1 <0.1 NO 2.1

Influent (Step 1) 16 14 1.5 19.1 50.6 504

Influent (Step 2) 7.9 11.4 <0.1 10.4 29.7 346

Influent (Step 2) 8.9 7.9 <0.1 15 31.8 284

Influent (Step 3) 0.9 <0.1 <0.1 9.4 10.3 33

Influent (Step 1) 17 17 <0.1 30.5 64.5 524

Influent (Step 1) 20 16 <0.1 37.8 73.8 623

Influent (Step 1) 20 14 <0.1 37 71 611

Influent (Step 1) 18 18 <0.1 31.3 67.3 577

SVE-4 18 19 <0.1 36.2 73.2 551

Composite Influent 28 20 <0.1 42.1 90.1 564

Composite Effluent <0.1 <0.1 <0.1 <0.1 NO 0.2

Blank <0.1 <0.1 <0.1 <0.1 NO <0.1

(a) Compound unable to be quantified due to peak interference.

NOTE: NO = Not detected.
Results in parts per million by volume (PPITlv).
BTEX summation excludes unquantified compounds.
Total volatile hydrocarbons are the sum of the BTEX compound concentrations and
unquantified compounds ("benzene equivalents" and "xylene equivalent") (Section 3.1.2).
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TABLE 4-5 ANALYTICAL RESULTS FOR SOIL VAPOR SAMPLES
COLLECTED DURING SOIL VAPOR EXTRACTION PILOT

TESTING AT TRENCH SVE-l, 28 OCTOBER 1993
NAVY EXCHANGE SERVICE STATION

NAVAL AIR STATION, BRUNSWICK, MAINE

Total Total Total Volatile
Location Benzene Toluene Ethylbenzene Xylenes BTEX Hydrocarbons

Blank <0.1 <0.1 <0.1 <0.1 NO 33.0

VP-9 18.4 34.7 5.5 55.2 113.8 1,900

VP-AAS-I-30 <0.1 <0.1 <0.1 <0.1 NO 43

VP-AAS-I-300UP <0.1 <0.1 <0.1 <0.1 NO 16

VP-AAS-I-20 <0.1 <0.1 <0.1 <0.1 NO 4.5

VP-AAS-I-15 <0.1 <0.1 <0.1 <0.1 ND 14

VP-AAS-I-I0 <0.1 <0.1 <0.1 <0.1 NO 6

Influent (Step 1) 12.4 56.8 <0.1 32.7 101.9 1,800

Influent (Step 1) 23.1 58.8 <0.1 57.7 139.6 2,500

Effluent (Step 1) <0.1 <0.1 <0.1 <0.1 NO 4.3

Influent (Step 1) 29.7 69.5 <0.1 97.9 197.1 2,700

Influent (Step 2) 15.8 16.5 <0.1 49.9 82.2 1,300

Influent (Step 2) 23.1 67.9 <0.1 84.6 175.6 1,800

Irifluent (Step 3) 30.3 67.7 <0.1 108 206 2,200

Influent (Step 3) 57 128 <0.1 116 301 3,500

Blank <0.1 <0.1 <0.1 <0.1 NO 1.0

NOTE: ND = Not detected.
Results in parts per million by volume (pprtly).
BTEX summation excludes unquantified compounds.
Total volatile hydrocarbons are the sum of the BTEX compound concentrations and
unquantified compounds ("benzene equivalents" and "xylene equivalent") (Section 3.1.2).
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(d) Total hydrocarbon emissions rate (Ib/day) for SVE composite effluent.

TABLE 4-6 SUMMARY OF PILOT TEST DATA RECORDED DURING
PERFORMANCE OF SVEIAAS OPERATIONS AT THE NAVY EXCHANGE

SERVICE STATION, NAVAL AIR STATION, BRUNSWICK, MAINE
15 NOVEMBER 1993 - 22 JUNE 1994

(a) Based on measurements taken with photoionization detector (PID). PID measurement
considered a conservative approximation of total hydrocarbon concentrations at sample
location due to instrument response limitations.

(b) Composite influent vacuum measurement considered equal to system effluent pressure
measurement.· Data for system effluent is in. H20 pressure.

(c) Loading rate calculated using formula provided by EPA (1989):

NOTE: Dashes (---) = No data; NA = Not applicable.
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Vacuum at Vacuum at Daily Total Volatile
Pilot Plant Trench Hydrocarbon
(in. HP)(b) (in. H2O) Removal Rate (lb/dayyC)(d)

SVE-l

9.8 7.0 1.86

12.0 9.5 0.53

13.5 10.0 0.35

13.0 9.0 0.50

14.0 9.5 0.23

14.5 9.0 0.30

15.0 11.0 0.28

--- 10.0 0.06

15.5 10.0 0.05

15.0 10.0 0.07

21.0 10.0 0.01

16.0 7.0 0.03

14.0 8.5 0.07

33.5 -- 0.10

- -- ---
--- -- ---

Total
Hydrocarbons

(ppm,Yo)

= Emissions rate (Ib/day)
= Flow rate (cfm)
= Total hydrocarbon concentration in influent (ppmJ
= Molecular weight (average) of vapor phase weathered gasoline

(92.14 Ib/lb-mole).

= Q * C * MW * 1.58x 10-7 * 24ER
where

ER
Q
C
MW

Sample
Date

16 NOV 93 70.0

19 NOV 93 20.0

22 NOV 93 13.2

24 NOV 93 19.0

30 NOV 93 8.6

03 DEC 93 11.1

07 DEC 93 10.6

10 DEC 93 2.4

13 DEC 93 1.8

16 DEC 93 2.70

22 DEC 93 0.35

29 DEC 93 1.22

17 JAN 94 2.80·

16 FEB 94 4.60

16 MAR 94 ---
26 MAR 94 ---

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011
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Total Vacuum at Vacuum at Daily Total Volatile
Sample Hydrocarbons Pilot Plant Trench Hydrocarbon

Date (ppl1\,)(I) (in. H
2
O)(b) (in. HP) Removal Rate (Ib/day)<c)(d)

SVE-l (Continued)

12 APR 94 --- --- --- ---
20 APR 94 3.5 13.0 10.0 0.11

02 MAY 94 2.2 14.0 12 0.05

03 MAY 94 0.4 14.0 13.0 0.01

04 MAY 94 322.0 15.0 15.0 9.56

10 MAY 94 19.3 18.0 --- 0.59

11 MAY 94 14.4 17.0 --- 0.45

18 MAY 94 0.8 17.0 --- 0.02

25 MAY 94 2.9 18.0 --- 0.08

07 JUN 94 0.8 17.0 --- 0.02
08 JUN 94 4.2 15.0 --- 0.10

22 JUN 94 2.6 13.0 --- 0.06

SVE-2(o)

16 NOV 93 180.0 10.0 9.0 6.48
19 NOV 93 173.0 12.0 10.3 6.23
22 NOV 93 170.0 15.0 10.5 6.12

24 NOV 93 171.0 12.5 10.0 6.16

30 NOV 93 162.0 14.0 9.5 5.83

03 DEC 93 143.0 14.0 10.5 5.15
07 DEC 93 122.0 15.0 11.0 4.39

10 DEC 93 111.0 --- 11.0 4.00

13 DEC 93 89.0 17.0 12.0 3.20
16 DEC 93 83.0 17.0 15.0 2.97
22 DEC 93 64.0 21.0 20.0 2.30
29 DEC 93 51.0 15.0 15.0 1.84
17 JAN 94 60.0 14.0 14.0 2.16
16 FEB 94 --- --- --- ---

16 MAR 94 --- --- --- ---
26 MAR 94 --- --- --- ---
12 APR 94 -- --- -- --
20 APR 94 36.0 14.0 10.5 1.13
02 MAY 94 26.0 14.0 13.0 0.79
03 MAY 94 14.0 15.0 13.0 0.45
04 MAY 94 298.0 14.0 14.0 10.10
10 MAY 94 56.8 18.0 -- 2.30

(e) A total of 3 in. H20 vacuum subtracted from vacuum gauge data taken at trench due to
high gauge response.
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Total Vacuum at Vacuum at Daily Total Volatile
Sample Hydrocarbons Pilot Plant Trench Hydrocarbon

Date (ppmY·) (in. HP)(b) (in. H2O) Removal Rate (lb/day)(C)(d)

SVE-2(e) (Continued)

11 MAY 94 46.1 17.5 --- 1.82

18 MAY 94 10.9 17.0 --- 0.42

25 MAY 94 3.1 18.0 --- 0.12

07 JUN 94 39.2 17.0 --- 1.70

08 JUN 94 33.7 14.0 --- 1.12

22 JUN 94 48.0 12.0 --- 1.43

SVE-3

16 NOV 93 82.0 10.0 8.5 2.29

19 NOV 93 161.0 11.5 10.0 4.50

22 NOV 93 128.0 13.5 11.0 3.58

24 NOV 93 134.0 13.5 10.5 3.75

30 NOV 93 112.0 14.0 13.5 3.13

03 DEC 93 102.0 15.0 11.0 2.85

07 DEC 93 100.0 15.0 12.0 2.80

10 DEC 93 70.0 --- 10.5 1.96

13 DEC 93 62.0 16.0 12.0 1.73

16 DEC 93 52.0 16.0 13.0 1.45

22 DEC 93 51.0 21.5 17.0 1.42

29 DEC 93 25.0 17.0 13.0 0.70

17 JAN 94 27.0 15.0 12.0 0.75

16 FEB 94 20.0 34.0 --- 0.27

16 MAR 94 - --- --- ---
26 MAR 94 -- --- --- ---
12 APR 94 -- --- --- ---
20 APR 94 5.80 13.0 10.0 0.14
02 MAY 94 6.7 14.0 13.0 0.17

03 MAY 94 3.9 14.0 14.0 0.10

04 MAY 94 309.0 14.0 15.0 7.88

10 MAY 94 40.2 18.0 -- 1.05

11 MAY 94 32.7 17.0 --- 0.87

18 MAY 94 16.6 17.0 --- 0.40

25 MAY 94 5.6 17.0 --- 0.12

07 JUN 94 1.9 16.5 --- 0.04

08 JUN 94 5.1 15.0 --- 0.09

22 JUN 94 10.0 13.0 --- 0.21
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Total Vacuum at Vacuum at Daily Total Volatile
Sample Hydrocarbons Pilot Plant Trench Hydrocarbon

Date (ppm.)(a) (in. HP)(b) (in. H2O) Removal Rate (Ib/day)(c)(d)

SVE-4

16 NOV 93 70.0 11.8 6.0 2.69

19 NOV 93 68.0 13.5 6.5 2.61

22 NOV 93 53.0 15.0 7.0 2.04

24 NOV 93 59.0 15.0 6.0 2.27

30 NOV 93 65.0 16.0 6.0 2.50

03 DEC 93 49.0 15.0 5.0 1.88

07 DEC 93 37.0 17.0 7.0 1.42

10 DEC 93 38.0 --- 7.0 1.46

13 DEC 93 27.0 16.0 8.0 1.04

16 DEC 93 27.0 16.0 8.0 1.04

22 DEC 93 20.0 21.0 11.0 0.77

29 DEC 93 28.0 18.0 11.0 1.08

17 JAN 94 30.0 16.0 11.0 1.15

16 FEB 94 -- --- --- ---
16 MAR 94 --- --- -- ---
26 MAR 94 -- --- --- ---
12 APR 94 4.2 32.0 --- ---
20 APR 94 7.2 15.0 7.0 0.25

02 MAY 94 16.5 16.0 8.0 0.61

03 MAY 94 8.7 17.0 9.0 0.32

04 MAY 94 17.0 17.0 10.0 0.62

10 MAY 94 17.7 21.0 --- 0.74

11 MAY 94 10.9 20.0 --- 0.48

18 MAY 94 3.7 20.0 --- 0.16

25 MAY 94 11.3 20.0 --- 0.49

07 JUN 94 14.7 17.0 --- 0.55

08 JUN 94 22.3 14.5 --- 0.63

22 JUN 94 23.0 15.0 --- 0.74

SVE-S

16 NOV 93 7.0 12.5 5.0 0.24

19 NOV 93 13.4 15.0 7.0 0.46

22 NOV 93 12.1 16.0 7.0 0.41

24 NOV 93 7.8 16.0 6.0 0.27

30 NOV 93 17.4 17.0 6.0 0.60

03 DEC 93 7.6 17.5 5.5 0.26

07 DEC 93 4.0 18.0 7.5 0.14
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Total Vacuum at Vacuum at Daily Total Volatile
Sample Hydrocarbons Pilot Plant Trench Hydrocarbon

Date (PPll\.)(a) (in. H2O)(b) (in. HP) Removal Rate (lb/day)<c)(d)

SVE-5 (Continued)

10 DEC 93 6.5 --- 6.0 0.22

13 DEC 93 2.2 18.0 8.5 0.07

16 DEC 93 1.2 18.0 8.0 0.04

22 DEC 93 1.4 23.0 12.0 0.05

29 DEC 93 0.0 19.0 7.0 0.00

17 JAN 94 0.7 17.0 7.0 0.02

16 FEB 94 --- --- --- --
16 MAR 94 --- --- --- ---
26 MAR 94 --- --- --- ---
12 APR 94 --- --- --- ---
20 APR 94 --- --- --- ---
02 MAY 94 --- --- --- ---
03 MAY 94 --- --- -- ---
04 MAY 94 --- --- --- ---
10 MAY 94 --- --- --- ---
11 MAY 94 --- --- --- ---
18 MAY 94 --- --- --- ---
25 MAY 94 --- --- --- --
07 JUN 94 2.4 16.0 --- 0.06
08 JUN 94 3.3 14.5 - 0.11

22 JUN 94 2.1 13.0 -- 0.06

SVE COMPOSITE EFFLUENT

15 NOV 93 12.0 60.0 NA 2.0
16 NOV 93 --- 63.0 NA ---
19 NOV 93 86.0 66.0 NA 14.0
22 NOV 93 80.0 66.5 NA 13.1
24 NOV 93 69.0 64.0 NA 11.3
30 NOV 93 72.0 66.0 NA 11.7
03 DEC 93 53.0 64.0 NA 8.7
07 DEC 93 53.0 67.5 NA 8.7
10 DEC 93 42.0 67.0 NA 6.9

13 DEC 93 46.0 68.0 NA 7.5

16 DEC 93 34.0 68.0 NA 5.58

22 DEC 93 48.0 70.0 NA 7.88

29 DEC 93 33.0 72.0 NA 5.42
17 JAN 94 26.0 60.0 NA 3.86
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Total Vacuum at Vacuum at Daily Total Volatile
Sample Hydrocarbons Pilot Plant Trench Hydrocarbon

Date (ppm,,)(a) (in. H
2
O)(b) (in. HP) Removal Rate (lb/day)(C)(d)

SVE COMPOSITE EFFLUENT (Continued)

16 FEB 94 --- --- --- ---
16 MAR 94 -- --- --- ---
26 MAR 94 --- --- --- ---
12 APR 94 0.04 40.0 NA ---
20 APR 94 1.0 50.0 NA 0.16

02 MAY 94 1.5 53.0 NA 0.24

03 MAY 94 1.4 57.0 NA 0.23

04 MAY 94 59.9 68.0 NA 9.31

10 MAY 94 25.3 66.0 NA 4.16

11 MAY 94 15.9 69.0 NA 2.57

18 MAY 94 5.3 70.0 NA 0.86

25 MAY 94 5.2 68.0 NA 0.84

07 JUN 94 1.4 70.0 NA 0.23

08 JUN 94 7.1 --- NA 1.15

22 JUN 94 17.4 65.0 NA 2.81
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TABLE 4-7 SUMMARY OF AQUIFER AIR SPARGING WELL AND MONITORING
WELL GAUGING AND WATER QUALITY MONITORING

NAVY EXCHANGE SERVICE STATION
NAVAL AIR STATION, BRUNSWICK, MAINE

Top of PVC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (ft) (ft) (ft) pH (oF) (mg/L) (jlmhos/cm) (ft)

AA5-1

26 SEP 1993 66.99 8.15 58.84 5.66 59.86 9.36 184 ND

28 SEP 1993 66.99 8.10 58.89 5.95 57.52 2.93 182 ND

02 MAY 1994 66.99 7.11 59.88 6.80 50.00 5.20 --- ND

03 MAY 1994 66.99 - -- -- -- 5.20 -- ND

11 MAY 1994 66.99 6.93 60.06 5.41 50.40 (a) 263 ND

18 MAY 1993 66.99 6.90 60.09 5.47 51.30 8.08 408 ND

25 MAY 1993 66.99 6.99 60.00 5.49 52.20 (a) 608 ND

07 JUN 1994 66.99 7.28 59.71 5.43 58.20 (a) 483 ND

22 JUN 1994 66.99 7.44. 59.55 5.38 56.30 (a) 471 ND

AA5-2

26 SEP 1993 65.66 7.28 58.38 5.91 59.77 9.62 642 0.01

28 SEP 1993 65.66 7.14 58.52 6.17 59.65 3.13 641 0.03

02 MAY 1994 65.66 6.25 59.41 6.90 44.78 1.30 - ~0.01

03 MAY 1994 65.66 - - - 48.38 1.40 - -

11 MAY 1994 65.66 6.23 59.43 5.99 49.10 (a) 891 ND

18 MAY 1994 65.66 6.09 59.57 6.12 48.9 1.30 928 ND

25 MAY 1994 65.66 6.18 59.48 6.10 49.0 3.70 1,012 ND

07 JUN 1994 65.66 6.37 59.29 6.09 53.0 6.03 758 ND

22 JUN 1994 65.66 6.53 59.13 6.01 52.1 6.00 763 ND

(a) Indicates dissolved oxygen measurement near or at saturation. Measurements may not be valid.

NOTE: ND = Non-detect; Dashes (-) = No data due to insufficient water volume in well equipment failure, or presence of
LNAPL in well. SVE pilot plant activated on 15 November 1993, AAS activated on 3 May 1994 (AAS-1, AAS-2,
AAS-3, and AAS-5 only). AAS pilot plant shut off on 7 June 1994.

I
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Top of PVC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (It) (It) (It) pH (oF) (mg/L) (j(mhos/cm) (It)

AAS-3R

02 MAY 1994 66.63 7.51 59.12 6.60 42.08 0.80 - ND

03 MAY 1994 66.63 - -- - 47.30 1.20 - ND

11 MAY 1994 66.63 7.36 59.27 5.97 48.40 (a) 1,119 ND

18 MAY 1994 66.63 7.35 59.28 6.08 47.80 3.86 1,112 ND

25 MAY 1994 66.63 7.41 59.22 6.09 47.70 4.82 1,120 ND

07 JUN 1994 66.63 7.63 59.00 - - --- - ~0.01

22 JUN 1994 66.63 7.79 58.84 - - -- - .:s.,0.01

AAS-4R

02 MAY 1994 67.17 7.11 60.06 6.90 41.72 7.80 - ND

03 MAY 1994 67.17 - - - 46.22 7.40 - ND

04 MAY 1994 67.17 7.30 59.87 6.60 46.40 6.20 - ND

11 MAY 1994 67.17 6.85 60.32 5.85 45.20 (a) - ND

18 MAY 1994 67.17 6.98 60.19 6.01 46.80 (a) 1,028 ND

25 MAY 1994 67.17 6.84 60.33 6.12 47.10 (a) 1,032 ND

07 JUN 1994 67.17 7.39 59.78 5.89 52.0 (a) 1,085 ND

22 JUN 1994 67.17 7.55 59.62 5.73 51.6 (a) 1,103 ND

AAS-5

26 SEP 1993 67.06 7.38 59.68 6.18 57.76 6.85 935 ND

28 SEP 1993 67.06 7.33 59.73 6.44 57.25 1.57 936 ND

02 MAY 1994 67.06 7.78 59.28 6.50 41.90 2.60 - ND

03 MAY 1994 67.06 - - - 46.40 1.40 - ND

11 MAY 1994 67.06 7.69 59.37 5.87 49.10 (a) 1,080 ND

18 MAY 1994 67.06 7.61 59.45 5.93 48.40 3.04 886 ND

25 MAY 1994 67.06 7.67 59.39 5.93 48.80 3.80 892 ND

07 JUN 1994 67.06 7.92 59.14 - - - - 0.01

22 JUN 1994 67.06 8.08 58.98 - - - - 0.01I

I
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SVE!AAS Pdot Test Report

Top ofPYC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (It) (It) (It) pH (oF) (mg/L) (}.lmhos/cm) (It)

AAS-6

26 SEP 1993 65.33 7.60 57.73 6.55 56.95 2.65 411 ND

28 SEP 1993 65.33 7.53 57.80 6.59 57.45 1.72 661 ND

02 MAY 1994 65.33 6.91 58.42 6.90 42.08 1.20 - ND

04 MAY 1994 65.33 6.93 58.40 6.60 48.38 5.70 - ND

11 MAY 1994 65.33 6.74 58.59 5.98 46.00 (8) 538 ND

18 MAY 1994 65.33 6.83 58.50 6.12 47.0 9.38 563 ND

25 MAY 1994 65.33 6.90 58.43 6.18 47.1 9.42 568 ND

07 JUN 1994 65.33 6.99 58.34 6.30 49.6 8.75 1,120 ND

22 JUN 1994 65.33 7.08 58.25 6.21 49.3 8.21 1,192 ND

AAS-7

26 SEP 1993 65.21 7.26 57.95 5.60 55.85 9.26 1,050 0.02

28 SEP 1993 65.21 7.30 57.91 5.71 56.34 1.55 1,148 0.01

02 MAY 1994 65.21 6.53 58.68 6.80 41.90 1.20 - ND

04 MAY 1994 65.21 6.55 58.66 6.60 47.84 1.20 - ND

11 MAY 1994 65.21 6.29 58.92 5.44 45.50 5.73 292 ND

18 MAY 1994 65.21 6.53 58.68 5.68 46.20 1.84 327 ND

25 MAY 1994 65.21 6.59 58.62 5.62 46.80 1.92 362 ND

07 JUN 1994 65.21 6.65 58.56 - - - - ~0.Q1

22 JUN 1994 65.21 6.75 58.46 - - - -- ~0.01

AAS-8

26 SEP 1993 65.65 7.56 58.09 6.51 51.30 1.51 100 ND

28 SEP 1993 65.65 7.50 58.15 - - - -- ND

02 MAY 1994 65.65 6.36 59.29 7.0 41.54 8.30 -- ND

04 MAY 1994 65.65 6.33 59.32 6.70 46.04 6.60 --- ND

11 MAY 1994 65.65 5.95 59.70 5.78 45.40 (8) 175 ND

18 MAY 1994 65.65 6.23 59.42 5.68 45.8 (8) 169 ND

25 MAY 1994 65.65 6.29 59.36 5.72 46.10 (8) 165 ND

07 JUN 1994 65.65 6.62 59.03 5.54 50.0 (8) 274 ND

22 JUN 1994 65.65 6.77 58.88 5.30 49.6 (8) 263 ND
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Top of PVC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (ft) (ft) (ft) pH (oF) (mg/L) ("mhos/em) (ft)

AAS-9

26 SEP 1993 65.98 DRY - - - - - -
28 SEP 1993 65.98 DRY - - - - - -
02 MAY 1994 65.98 6.00 59.98 - 41.36 3.80 - ND

04 MAY 1994 65.98 6.01 59.97 - 46.04 5.80 - ND

11 MAY 1994 65.98 5.44 60.54 6.02 45.20 7.18 434 ND

18 MAY 1994 65.98 5.85 60.13 - - - - ND

25 MAY 1994 65.98 5.91 60.07 -- - - - ND

07 JUN 1994 65.98 DRY - - --- - --- -
22 JUN 1994 65.98 DRY - - - - - -

AAS-IO

26 SEP 1993 66.26 DRY - - - - - -
28 SEP 1993 66.26 DRY -- -- - - - -
02 MAY 1994 66.26 5.75 60.51 - 41.54 6.60 - ND

04 MAY 1994 66.26 5.83 60.43 6.60 46.40 6.10 - ND

11 MAY 1994 66.26 5.28 60.98 6.09 45.90 (a) 376 ND

18 MAY 1994 66.26 5.62 60.64 5.99 47.0 (8) 341 ND

25 MAY 1994 66.26 5.68 60.58 5.87 47.2 (8) 353 ND

07 JUN 1994 66.26 6.19 60.07 6.06 50.9 7.45 378 ND

22 JUN 1994 66.26 6.46 59.80 6.01 49.3 7.02 350 ND

MW-IR

13 JUL 1993 67.29 7.64 59.65 6.29 64.4 - 160 ND

12 APR 1994 67.29 6.30 60.99 5.23 50.68 - 223 ND

02 MAY 1994 67.29 7.15 60.14 7.00 50.00 7.80 - ND

03 MAY 1994 67.29 - - - 53.78 4.90 - ND

04 MAY 1994 67.29 7.20 60.09 6.70 53.60 3.40 - ND

05 MAY 1994 67.29 6.90 60.39 5.23 50.54 (a) 210 ND

11 MAY 1994 67.29 6.93 60.36 5.45 54.30 (8) 233 ND

18 MAY 1994 67.29 7.04 60.25 5.76 52.80 (a) 239 ND

25 MAY 1994 67.29 7.11 60.18 5.72 51.0 (8) 245 ND

07 JUN 1994 67.29 7.35 59.94 5.23 54.4 (a) 471 ND

22 JUN 1994 67.29 7.54 59.75 5.16 52.3 (a) 403 ND

08 JUL 1994 67.29 7.77 59.52 6.49 62.6 - 280 ND
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Top of PVC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (ft) (ft) (ft) pH (oF) (mg/L) (JLmhos/cm) (ft)

MW·2

13 JUL 1993
I

65.31 6.58 ND58.73 7.60 62.60 --- 190

26 SEP 1993 65.31 7.04 58.27 6.97 54.23 (n) 305 ND

28 SEP 1993 65.31 6.97 58.34 7.05 53.60 1.40 299 ND

12 APR 1994 65.31 5.20 60.11 5.81 46.72 - 118 ND

02 MAY 1994 65.31 5.60 59.71 6.60 41.72 1.60 - ND

04 MAY 1994 65.31 5.60 59.71 6.80 46.76 0.70 - ND

05 MAY 1994 65.31 4.85 60.46 5.78 45.32 2.14 154 ND

11 MAY 1994 65.31 4.75 60.56 5.85 45.20 (n) 377 ND

18 MAY 1994 65.31 5.36 59.95 5.73 45.40 3.38 156 ND

25 MAY 1994 65.31 5.42 59.89 5.71 47.6 4.02 158.0 ND

07 JUN 1994 65.31 5.98 59.33 5.51 47.6 3.90 146.6 ND

22 JUN 1994 65.31 6.24 59.07 5.63 48.3 4.36 141.2 ND

08 JUL 1994 65.31 6.36 58.95 7.34 54.5 - 320 ND

MW-3

13 JUL 1993 64.34 6.87 57.47 7.12 69.80 - 390 ND

26 SEP 1993 64.34 7.15 57.19 6.22 55.62 0.62 503 ND

28 SEP 1993 64.34 - - 6.31 55.44 1.45 497 ND

12 APR 1994 64.34 6.66 57.68 6.01 45.01 - 166 ND

02 MAY 1994 64.34 6.70 57.64 - 42.08 4.20 - ND

04 MAY 1994 64.34 6.70 57.64 6.70 46.76 5.20 - ND

05 MAY 1994 64.34 . 6.41 57.93 5.82 47.44 5.64 311 ND

11 MAY 1994 64.34 6.47 57.87 5.90 46.70 (n) 307 ND

18 MAY 1994 64.34 6.63 57.71 5.97 47.10 4.75 295 ND

25 MAY 1994 64.34 6.69 57.65 5.92 48.4 5.01 291 ND

07 JUN 1994 64.34 6.78 57.56 6.03 49.30 0.88 320 ND

22 JUN 1994 64.34 6.89 57.45 5.98 49.9 0.93 363 ND

08 JUL 1994 64.34 6.98 57.36 7.04 57.20 - 280 ND
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Top ofPYC Depth to Water Table Dissolved LNAPL
Elevation Water Elevation Temperature Oxygen Conductivity Thickness

Date (ft) (ft) (ft) pH (oF) (mg/L) (slmhos/cm) (ft)

MW-4R

13 JUL 1993 66.61 7.42 59.19 6.75 68 - 1,800 ND

12 APR 1994 66.61 6.50 60.11 6.19 44.35 -- 503 ND

02 MAY 1994 66.61 6.76 59.85 6.70 42.08 0.80 - ND

03 MAY 1994 66.61 - - - 48.20 1.10 - ND

04 MAY 1994. 66.61 6.82 59.79 6.60 48.02 0.80 - ND

05 MAY 1994 66.61 6.50 60.11 6.07 50.00 1.26 370 ND

11 MAY 1994 66.61 6.54 60.07 5.99 48.60 3.92 271 ND

18 MAY 1994 66.61 6.60 60.01 6.05 48.20 3.95 633 ND

25 MAY 1994 66.61 6.65 59.96 6.01 48.10 4.01 612 ND

07 JUN 1994 66.61 6.94 59.67 6.01 50.30 3.00 903 ND

22 JUN 1994 66.61 7.51 59.10 6.00 51.6 3.32 873 ~0.01

08 JUL 1994 66.61 7.54 59.07 6.98 62.6 600
>

ND-

MW-S

13 JUL 1993 60.50 3.28 57.22 7.90 64.4 - 210 -

26 SEP 1993 60.50 3.46 57.04 6.90 56.25 4.74 204 -

28 SEP 1993 60.50 - - 7.11 54.75 0.93 282 ND

12 APR 1994 60.50 2.35 58.15 5.98 43.95 --- 89 ND

02 MAY 1994 60.50 2.44 58.06 -- 41.90 8.0 - ND

04 MAY 1994 60.50 2.60 57.90 6.60 46.76 4.5 - ND

05 MAY 1994 60.50 1.81 58.69 5.51 48.78 (n) 604 ND

11 MAY 1994 60.50 2.00 58.50 5.60 47.00 (n) 600 ND

18 MAY 1994 60.50 2.24 58.26 5.66 49.20 (n) 78.0 ND

25 MAY 1994 60.50 3.01 57.49 5.62 49.1 (n) 89.0 ND

07 JUN 1994 60.50 3.03 57.47 5.75 53.6 (n) 65.8 ND

22 JUN 1994 60.50 3.17 57.33 5.73 51.2 (n) 63.10 -

08 JUL 1994 60.50 3.50 57.00 7.76 54.5 - 150 -
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TABLE 4-8 SUMMARY OF AIR INJECTION AND SOIL VAPOR EXTRACTION
RATES DURING SVE/AAS PILOT PLANT OPERATIONS

NAVY EXCHANGE SERVICE STATION
NAVAL AIR STATION, BRUNSWICK, MAINE

Monitoring AAS SVE Removal SVE:AAS
Date AAS-l AAS-2 AAS-3 AAS-5 Combined Rate Ratio

4 MAY 1994 36 35 32 24 127 346 2.7:1

11 MAY 1994 39 54 38 52 183 406 2.2:1

18 MAY 1994 39 48 54 17 158 385 2.4: 1

25 MAY 1994 38 48 49 17 152 371 2.4:1

NOTE: Measurements in cfm.
No measurements taken prior to AAS pilot plant deactivation on 7 June 1994.
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TABLE 4-9 SUMMARY OF ANALYTICAL RESULTS FOR SOIL SAMPLES COLLECTED
21-24 MARCH 1994 AT THE NAVY EXCHANGE

SERVICE STATION, NAVAL AIR STATION, BRUNSWICK, MAINE

Sample Location

Parameter MW-IR I MW-4R I AAS-3R I AAS-4R I Field Blank I Trip Blank

TPH AS GASOLINE BY MEDEP METHOD 4.2.3 (mglkg dry soil)

Gasoline (U < 0.5) 2,500 263 (U < 0.5) (U < 0.5) ---
TPH AS FUEL OIL BY MEDEP METHOD 4.1.2 (mglkg dry soil)

Kerosene (U < 20.0) (U < 20.0) (U < 20.0) (U < 20.0) __-<0) ---
Fuel Oil No.2 120(b) (U < 20.0) (U < 20.0) 89(c)(b) ___(0) ---

VOLATILE AROMATICS BY EPA METHOD 8020 (J.'glkg dry soil)

Benzene (U < 1.0) 26,000 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0)

Chlorobenzene (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0)

1,2-Dichlorobenzene (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) . (U < 1.0) (U < 1.0)

1,3-Dichlorobenzene (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0)

1,4-Dichlorobenzene (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0)

Ethylbenzene (U < 1.0) 76,000 7,900 (U < 1.0) (U < 1.0) (U < 1.0)

Toluene (U < 1.0) 53,000 3,700 (U < 1.0) (U < 1.0) (U < 1.0)

Total Xylenes (U < 1.0) 680,000 84,000 (U < 1.0) (U < 1.0) (U < 1.0)

TotalBTEX ND 835,000 95,600 ND ND ND

MTBE (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0)

(a) Sample broken during transport; no analyses performed.
(b) Dissimilar GC fingerprint than fuel oil. Result designation based on elution range.
(c) Sample duplicate analysis = 91 mg/kg.

NOTE: (U <-> = Compound not detected above method detection limit shown.
ND = Not detected.
MEDEP = State of Maine Department of Environmental Protection.
Dashes (---) = Parameter not analyzed.
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TABLE 4-10 SUMMARY OF ANALYTICAL RESULTS FOR SOIL SAMPLES
COLLECTED PRIOR TO AND DURING SOIL VAPOR

EXTRACTION PILOT TESTING
NAVY EXCHANGE SERVICE STATION

NAVAL AIR STATION, BRUNSWICK, MAINE

Sample Locations

MW-l(R) MW-4(R)

9-10.5 ft 2-4 ft 7-8.5 ft 8-10 ft

Parameter Pre-SVE Active SVE Pre-SVE Active SVE

TPH as Gasoline by MEDEP Method 4.2.3 (mg/Kg dry soil)

Gasoline 6 (U <0.5) 31,000 2,500

TPH as Fuel Oil by MEDEP Method 4.1.2 (mg/Kg dry soil)

Fuel Oil No.2 10 120(a) 4,800 (U <20.0)

Volatile Aromatics by EPA Method 8020 (p.g/Kg dry soil)

Benzene 1.3 (U < 1.0) 5,300 26,000

Ethylbenzene 1.3 (U < 1.0) 340,000 76,000

Toluene 1.3 (U < 1.0) 640,000 53,000

Total xylenes 2.6 (U < 1.0) 1,800,000 680,000

Total BTEX 6.5 ND 2,785,300 835,000

Methyl tertiary-butyl ether 2.6 (U < 1.0) 7,300 (U < 1.0)

(a) Dissimilar GC fingerprint than fuel oil. Result designation based on elution
range.

NOTE: Pre-SVE soil samples collected 14 May 1992; active SVE soil samples
collected 21-24 March 1994.
(U < -> = Compound not detected above method detection limit shown.
MEDEP = State of Maine Department of Enviro!1mental Protection.
ND = Not detected.
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TABLE 4-11 SUMMARY OF ANALYTICAL RESULTS FOR GROUND-WATER SAMPLES
COLLECTED FROM 20 MAY 1992 TO 7-8 JULY 1994 AT THE

NAVY EXCHANGE SERVICE STATION, NAVAL AIR STATION, BRUNSWICK, MAINE

Parameters

Total Total TPH as TPH as
Date Benzene Toluene Ethylbenzene Xylenes BTEX MTBE Gasoline Fuel Oil

MW-IR

20 MAY 1992 (U < 1.0) (U < 1.0) (U < 1.0) (U <2.0) ND (U <2.0) (U <20.0) (U < 10.0»

13 JUL 1993 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) (U <500.0)

12-13 APR 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) (U <50.0)

7-8 JUL 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U <50.0) (U <50.0)

MW-2

20 MAY 1992 (U < 1.0) 1.1 (U < 1.0) 4.2 5.3 (U <2.0) 35.0 460.0

13 JUL 1993 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) (U <500.0)

12-13 APR 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) 99.0

7-8 JUL 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U <50.0) 280(0)

MW-3

20 MAY 1992 14.0 18.0 4.8 23.0 59.8 2.5 (U <20.0) 61.0

13 JUL 1993 2.0 (U < 1.0) (U < 1.0) (U < 1.0) 2.0 2.0 (U < 100.0) (U <500.0)

12-13 APR 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) 100.0

7-8 JUL 1994 2.1 3.0 (U < 1.0) 2.3 7.4 3.2 51.0 110.0(0) .

MW-4(R)

20 MAY 1992 1,000 12,000 3,900 22,000 38,900 (U <2,000) 210,000 84,000

13 JUL 1993 810.0 5,900 110.0 690.0 7,510 (U < 100.0) 24,000 15,000

12-13 APR 1994 47.0 4,200 2,000 16,700 22,947 210.0 3,500 85,000

7-8 JUL 1994 21 4,300D 2,900D 24,800D 38,031 81 80,000 13,000

MW-5

20 MAY 1992 (U < 1.0) (U < 1.0) (U < 1.0) (U <2.0) ND 5.9 56.0 300

13 JUL 1993 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) (U <500.0)

12-13 APR 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U < 100.0) 53

7-8 JUL 1994 (U < 1.0) (U < 1.0) (U < 1.0) (U < 1.0) ND (U < 1.0) (U <50) 150(0)

(a) Sample did not have chromatagraphic fingerprint indicative of petroleum product. The fingerprint was indicative of high
average molecular weight interferences. However, since the interference was in the elution range (boiling point)of fuel oil,
it was quantified against fuel oil (per the method).

NOTE: (U<-> = Compound not detected above method detection limit shown.
ND = Not detected.
D = Analysis run at secondary dilution factor.
Trip blanks for all four rounds "non-detect" for all EPA Method 602 Analytes (BTEX and MTBE).
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5.1 SITE HYDROGEOWGY

This technical report provides an evaluation of the data generated as a result of the long-term
operation of an SVE/AAS pilot plant at the NEX service station. The primary objective of
the test was to provide an assessment of the capability of these in situ remedial technologies
in removing sorbed, trapped, and dissolved-phase hydrocarbons from the subsurface.
A corollary objective of the tests was to obtain system performance data which may be used
to enhance system design, if necessary.

Depth to ground water within the sand sub-unit ranges from less than 2 ft to approximately
8 ft below grade. During seasonally high water table periods, this shallow depth to water
serves to impede the development of a pressure gradient within the unsaturated zone due to
the draw-in of soil moisture and/or ground water into the slotted intervals of the vent
trenches. During the winter months, pilot plant operations were also limited by the depth
frost extended into the subsurface, which reduced porosity within the vadose zone. Periods
of inefficient operations, or system down-time, should be anticipated during the winter and
early spring months.

Shallow site stratigraphy consists of approximately 4-16 ft of fine to medium sands with
varying amounts of silt overlying a silty marine clay. Through SVE pilot tests, the average
soil permeability to air for the fine to medium sands was calculated at 1.35 x 10-7 cm2

,

which is greater than minimum permeability criteria of 1.0 x 10-10 cm2 defined for SVE
(U.S. EPA 1991). Though no geotechnical analyses were performed during this study, the
marine clay underlying the sand has been identified as an extensive sequence of low
permeability (> 30 ft) material based on geotechnical borings completed by others. Thus,
restoration of soil and ground-water quality within the surficial sand is an appropriate
remedial response at the subject site.

Project No.: 12197.14
Revision: Final

Page 5-1
September 1994

SVE!AAS Pilot Study Report

5. SUMMARY AND CONCLUSIONS

Contract No. N62472-91-D-1449, Project No. 18, D.O. No. 0011

Seasonal water table fluctuations, in conjunction with site geology, may alter the movement
of ground water locally at the site. The presence of an apparent mound in the marine clay at
shallow depths south of Burbank Avenue may, during periods of lower water table elevation,
serve to divert or alter ground-water flow toward both the southwest and southeast. The
continued observance of elevated TVH concentrations in vapor samples taken from the
exhaust stack located on the footing drain adjacent to the Family Services Center may be
attributed to any of the following: flow of impacted ground water toward the eastern end of
the Family Services Center, ground-water flow through a more permeable trench excavation
made during the setting of utility lines to the Family Services Center, or the interception and
diversion of ground water through the footing drain to either side of the Family Services
Center. Neither of the above flow scenarios were substantiated during the pilot study.
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5.2 PILOT TEST RESULTS

5.2.2 Air Sparging

5.2.1 Soil Vapor Extraction

The direction of ground-water flow remained fairly constant during the course of the pilot
test, with only slight deviation in the hydraulic gradient observed. The presence of LNAPL,
ranging from a hydrocarbon sheen to thicknesses up to 0.20 ft, was confirmed sporadically at
several well locations; LNAPL recharge did not persist at any of these locations. Wells
showing the presence of LNAPL were all located approximately downgradient of the former
USTs and product lines extending from the former tank field to the pump dispensers.
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Radius of influence for SVE was assessed during the initial short-term pilot tests prior to
full-scale operations. For the subject site, a pressure differential of 0.25 in. H20 was used
to define the effective SVE radial influence. By plotting the results of vapor monitoring
performed during the tests on the horizontal axis versus distance on the vertical axis,
regression analyses were used to calculate SVE radius of influence. Test results for SVE-l,
located within the paved lot at the NEX service station, yielded an effective SVE radius of
influence of 49 ft. Similar response was projected for vent trenches SVE-2 and SVE-3.

Attempts at assessing AAS radial influence were made by monitoring differential pressure
and TVH concentrations within the vadose zone, and dissolved oxygen, temperature, pH, and
conductivity in ground water. Measurements of differential pressure in the vadose zone did
not reveal any discernable trend of decreasing pressure versus distance; this was primarily
due to the concurrent operations of the SVE system. In general, vacuum within the vadose
zone was observed to decrease immediately following start-up of AAS operations. At
locations experiencing limited SVE, such as by the tank field, active sparging appeared to

The interpreted composite SVE pilot plant effective radius of influence is provided on
Figure 5-1. As indicated, several portions of the site are subject to extensive SVE,
particularly within the paved lot to the east of the NEX service station. Conversely, limited
remedial effect is observed under current operating conditions south of Burbank Avenue and
in the vicinity of the existing tank field. The limited influence within these areas may be
attributed to short circuiting through lower pressure gradients, such as landscaped surfaces
and UST pits containing coarse, rounded stone.

SVE pilot testing at vent trench SVE-4, located within the grassed area adjacent to the
Family Services Center, confirmed a much lower effective radial influence (16 ft). Test
results showed a negligible increase in radial influence with increased vacuum or flow,
presumably related to short-circuiting of ambient air through the grassed surface. Test
results also showed that increasing the extraction rate did not result in the increase of the
TVH removal rate. Similar response was projected for vent trench SVE-5, also located
within the landscaped area.
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At the 3 wells located hydraulically downgradient of the tank field, concentrations of
dissolved-phase hydrocarbons have remained low. Total BTEX concentrations at wells
MW-2 and MW-3 have decreased through time, and historically have not been detected at
well MW-5.

create a slight positive pressure within the vadose zone. Dissolved oxygen levels in ground
water, typically used to assess radial influence of sparge wells, did not demonstrate a
discernable trend with respect to decreased concentration versus distance from sparge wells.
Other water quality parameters, including pH, temperature, and conductivity, were also not
useful in defining AAS radial influence.

Despite the lack of definition, AAS radius of influence within the saturated zone was
assessed by monitoring trends in TVH concentrations at individual SVE trenches, by gauging
wells for the presence of LNAPL and petroleum sheens, and through the sampling and
analysis of ground water. The daily TVH removal rates summarized in Table 4-7 show that
activation of the 4 sparge wells at the NEX service station resulted in increased TVH
removal at trenches SVE-I through SVE-3 only, indicating remedial influence within these
areas only. TVH removal rates instantaneously increased approximately 9.5 lb/day at
trenches SVE-I and SVE-2, and greater than 7.5 lb/day at SVE-3.

The AAS pilot plant was deactivated due to the presence of a film of LNAPL within active
sparge well AAS-5, marking the first time LNAPL had been observed at this location.
LNAPL was also observed as a film in inactive sparge well AAS-7 for the first time since
October 1993. The presence of a LNAPL sheen at sparge wells AAS-5 and AAS-7 may be
indicative of the mobilization of LNAPL trapped below the water table. The presence of
LNAPL at these locations may have been in response to the forced mobilization of LNAPL
which had been trapped within the soil below the top of the water table, or within the zone
of water table fluctuation. This result may be an indication that air sparging is physically
removing petroleum hydrocarbons from the shallow water table.
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The results of the final round of ground-water sampling, in comparison to prior analytical
results, were also used to assess AAS radial influence. Increases in dissolved-phase
hydrocarbon concentrations at distance may be an indication of active AAS. Within the
suspected release area, concentrations of dissolved-phase hydrocarbons at well MW-4R have
varied widely over time. Prior to pilot testing, concentrations of total BTEX in ground water
were reported at 38,900 J.l.g/L and 7,510 J.l.g/L, respectively, on 20 May 1992 and 13 July
1993. Following several months of SVE, total BTEX was reported at 22,947 J.l.g/L (April
1994). At the conclusion of the SVE/AAS pilot study, the reported total BTEX
concentration was 38,031 J.l.g/L. Similar results were reported for TPH as gasoline and TPH
as fuel oil, except in these instances the post-test results were reported at lower
concentrations. The results suggest that additional site remediation is required in the
suspected impacted area.
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5.2.3 Hydrocarbon Removal

Significant decreases in petroleum hydrocarbons concentrations were observed in the soil
sample collected 8-10 ft at well MW-4R as a result of SVE pilot testing. TPH as gasoline
concentrations reported1y decreased from 31,000 mg/kg (prior to SVE) to 2,500 mg/kg
(during SVE). TPH as fuel oil, reported at 4,800 mg/kg prior to pilot testing, was reported

SVE composite removal rates were calculated based on the summation of the flow rates from
individual trenches and the composite TVH concentration from the SVE manifold. The
initial TVH removal rate upon system activation was calculated at 78.3 Ib/day. TVH
removal rates decreased to 18.3 lb/day TVH by 19 November 1993 and to 9.5 lb/day by.
7 December 1993. From the period of 10 December 1993 through 16 February 1994, TVH
removal rates decreased from 7.5 lb/day to asymptotic levels (less than 2 Ib/day).

At no point during the performance of the pilot test were MEDEP remedial action goals of
5 j.l.g/L of benzene and 50 j.l.g/L TPH as gasoline exceeded, with the exception of 51 j.l.g/L of
TPH as gasoline during the 7-8 July 1994 sampling at well MW-3. The consistently low
concentrations observed at these downgradient locations confirm that concurrent operation of
the SVE and AAS pilot plant systems has not adversely impacted ground-water quality during
active treatment of the suspected impacted area.
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As a means of assessing hydrocarbon removal from the subsurface, soil samples were taken
from the samples yielding the highest photoionization detector headspace concentration
during the installation of replacement wells MW-IR (background) and MW-4R (impacted
area). The results from prior to pilot testing to active SVE show reported concentrations of
total BTEX, MTBE, and TPH as gasoline to have decreased to non-detected. TPH as fuel
oil reportedly increased during the period from 10 mg/kg to 120 mg/kg at well MW-IR;
however, the result was reported by the laboratory as a dissimilar GC fingerprint than fuel
oil and was reported based on the elution range of fuel oil.

Combined SVE/AAS pilot plant operations were run at 4 of 10 AAS wells from 3 May to .
7 June 1994. Concurrent operation of the SVE and AAS pilot plant systems resulted in an
immediate increase in the TVH removal rate from l.9 lb/day (3 May 1994) to 16.3 Ib/day
(4 May 1994), of which 14.4 lb/day was attributed to AAS. As was the case during
extended SVE operations, hydrocarbon removal rates decreased through time. Just prior to
deactivation of the AAS system, TVH removal rates attributed to AAS were calculated at
l.Ilb/day.

The SVE and AAS pilot tests demonstrated the capability of the pilot plant to sustain the
removal of elevated concentrations of petroleum-related hydrocarbons from both soil and
ground water at the subject site. SVE pilot plant operations resulted in the removal of
greater than 823 Ib of TVH during approximately 6 months of effective operations. The
AAS pilot plant achieved significant TVH removal from the saturated and phreatic zone
(greater than 65 lb) in just over one month of combined SVE/AAS.
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5.3 RECOMMENDATIONS

as non-detected following less than 4 months of effective SVE. Total BTEX concentrations
were reported to decrease from 2,785,300 ""g/kg to 835,000 ""g/kg as a result of SVE.
MTBE concentrations were reported to decrease from 7,300 ""g/kg to non-detected.

Extended SVE pilot plant operations have demonstrated the ability to achieve removal of
sorbed and vapor-phase hydrocarbons within the vadose zone. Asymptotic hydrocarbon
removal rates have been observed at several locations across the site, allowing for the
potential adjustment of the pilot plant equipment for more aggressive recovery within the
source area, particularly during active AAS. The asymptotic removal rates may be an
indication that TVH removal is a diffusion-limited process within the subsurface.
Confirmatory soil sampling within the vadose zone is required to demonstrate cleanup to
MEDEP remedial action goals. Such sampling should not be accomplished until extended
SVEIAAS has resulted in significant reductions in the concentration of dissolved-phase
hydrocarbons at all site wells.

Limited operation of the AAS pilot plant has demonstrated the ability to achieve removal of
dissolved-phase and trapped hydrocarbons within the saturated zone. Based on the results of
the pilot test, it is evident that LNAPL is trapped within the zone of water table fluctuation,
and potentially below the water table within the area immediately downgradient of the former
USTs and product lines. Active AAS has demonstrated the potential to mobilize this trapped
LNAPL from the subsurface, as evidenced by increased TVH removal rates and the presence
of LNAPL sheens at several locations. Continuation of the remedial effort is, therefore,
recommended, with focus on obtaining better control of sparge injection rates and pressures.
Active remediation in the form of SVEIAAS should continue until the trapped LNAPL has
been mobilized and removed, and asymptotic concentrations of dissolved-phase hydrocarbons
within site ground water are observed.
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I
LOG OF BORING MW-1 R

I
I
I
I
I
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Coordinates: Northing: 387197.4, Easting: 562674.3

Top of Well Casing Elevation: 67.29 ft.
Surface Elevation: 67.59 ft.
Well Casing Below Surface: 0.30 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 3/23/94
Completion Date: 3/23/94

Location: Southwest corner of Transportation Division's
parking lot, Brunswick Naval Air Station, Brunswick, Maine.

Job No.: 29600.21.3605
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted CME drill-rig using 4.25" ID

hollow-stem augers.
Sampling Method: 2' and 1.5' split-spoons (SS) driven 24"

and 18" by 140 lb. hammer falling 30 inches.

Soil sreening method: PID headspace readings for VOC.

Surface Conditions: Asphalt; level.

I
I

I

I

!Sample ! In.

i.

In. I Casing Sampl. Sample I Biowsl ID.pth ! Graph i, Typ. I Driven Rcvd D.pth (h) No. D8Pth Ih) i 6-in F••t I Log Description

I

I
I I 0- I -

- 5S 18 i 18 0 1

I
0-2 i 12 - FILL Aspha~ and fill for top 2".

I 28 Bcnom 16-: dark brown silty fine to medium sand.- i -
- I 31 - Sample 1 PID h.adspac. r.ading: 2.0 ppm.

- I 37 -
- SS 24

I
24 0 2 2-4 11 - SP Brown medium to fine sand consisting of sUbangu13r, fairly well-sorted clasts 01 quartz

- 6 - with some mica flakes and traces of feldspars; trace of sib; dry to slightly moist; medium density.

- 7 - Sampl. 2 PID h.adspac. r.ading: 20_0 ppm.

- I 7 - Sample coll.cted lor laboratory analysis- sampl. MW·l R

- SS 18

I
18 4 3 4-6 5 - Same 3$ above.

- 6 5- Sampl.3 PIC h.adspac. r.ading: 2.0 ppm.

- 7 -
- 6 -

- SS 24 24 6 4 6-8 1 - Same 3S above; wei at 7'.

- I - Samplo 4 PID hoodspac. r.ading: 1.0 ppm.

- 1 -
- 2 -

- SS 24 12 8 5 8·10 1 - S3mo 3S above.

- 1 - Sample 5 PID h.adspac. r.ading: 0.0 ppm_

- 2 -
- , 1 10-

- SS 18 18 10 6 l1H2 2 - Sam. as abov•.

- 2 - Sample 6 PID h.adspac. r.ading: 0.0 ppm.

- 3 -
-

I
2 - SP

- SS 24 24 12 7 12-14 3 - S3me 3S above.

I 4 - Sampl. 7 PID h.adspac. r.ading: 0.0 ppm.

-I
I

2

3

I15 -
SS 24 24 14 I 8 14-16 11 Same 3S above.

-/ 6 Sample 8 PID h.adspac. r.ading: 0.0 ppm.

-I ! 12 Samples 8, 9 and 10 are of running sand .3nd are not true representatives of the form.1tion.-
8 -_-I SS 18 0 16 9 16·18 7 - Same 35 above.

6 - Sampl.9 PID h.adspac. r.ading: 0.0 ppm.

- 8 -
- 9 -

- SS 24 I 24 18 10 18-20 7 - Same 35 a.bove.

-

I
9 - Sampl. 10 PID h.adspac. r.ading: 0.0 ppm.

- 54 -
- 91 20-

- SS 24 24

I
20 11 20-22 4

I - Top 16": Sam. as abov., grad.s to a gr.y sihy clay with lin. sand lor bottom 8"

- 7 1- Sampl. 11 PID h.adspac. r.ading: 0.0 ppm.

- I 11
-~

Well Installation:

-

I
49 _ I CL

- SS 24 0 22 12 22-24 8

-~I
No recovery. 5-0 h.: Sch.dule 40. 2-;n. I.D. PVC ris.r.

- I
2 21-5ft.: Sch.dul. 40. 2·;n. I.D. PVC O.OI-in. scr••n.

- i 3

I
21·4 h.: #1 Mori. fih.r sand.

-
I

8 --I 4·2 h.: C03rse-gr.3de Bentonite seal.
I 2-0 h.: Concrete and steel. bah-down curti box.- ! I

I

I

I
I
I
I
I
I
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LOG OF BORING MW-4R

I
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I
I
I
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Coordinates: Northing: 387122.1, Easting: 562702.5

Top of Well Casing Elevation: 66.61 ft.
Surface Elevation: 67.05 ft.
Well Casing Below Surface: 0.44 ft.
.Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk

recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 3/23/94

Completion Date: 3/23/94

Location: Navy Exchange Service Station, Brunswick Naval

Air Station, Brunswick, Maine.

Job No.: 29600.21.3605
Client: N. Division, Naval Facilities Engineering Command.

Drilling Method: Truck-mounted CME drill-rig using 4.25" 10

hollow-stem augers.

Sampling Method: 2' and 1.5' split-spoons (SS) driven 24"

and 18" by 140 lb. hammer falling 30 inches.

Soil screening method: PID headspace readings for VOC.

Surface Conditions: Asphalt; level.

I
I
I
I
I
I
I
I
I
I
I
I

S,mple In. In. Casing Sample I S,mple i Blows\ Depth GrJph ;

Type Driven Acvd. Oeplh (fl) No. Oeplh Ifl) I 6·in. Feet Log D9SC~tion I
- 0_ Top 3" of asprott broken off- first splrt'spoon loken from -3". I

- SS 18 18 0 1 0·2 8 - Fill Top 12": fill m'leriJl: medium 10 fine S3nd wilh gravel and pebbles. I
- 9 - f---gp

Bottom 6": brown medium 10 fine S3nd consisling of sub,ngul3r. f,irly well sorted cl,slS of qUJrtz I
- 10 - wi some mica fl3kes and fr,ces 01 leldsp,rs: trace of silt; dry to slightly moist; medium densrty.

- 9 - Sample 1 PIO headspace reading: 1.0 ppm.

- SS 24 24 0 2 2-4 4 - Brown medium 10 fine sand consisting at subangul3r. fairly well sorted clasts of qUJrtz

- 7 - wI some mica fL1kes and traces of feldsp:us: trace of silt; dry to slightty moist; medium dsnsity.

- 7 - Sample 2 PIO headspace reading: 3.0 ppm. I

- 6 -

I- SS 18 18 4 3 4-6 8 - Same as above.

- 9 5- S,mple 3 PIO headsp,ce re,ding: 7.0 ppm.

- 9 -

I- 9 -
- SS 24 24 6 4 6·8 5 - SP Same as above.

- I 7 - Somple 4 PIO headspace reading: 140.0 ppm. I I.I

- I
6 -

- 7 -
- SS 24 12 8 5 8·10

I
3 - Same as above but wet: w3t9r t.Jble at S',

- 3 - Sample 5 PIO headspace reading: 300.0 ppm.

- 3 - Sample collected for I,boralory analysis'S3mple MW·4A.

- I 4 10-
- SS 18 18 10 6 10-12 5 - Same as above but wrth iren staining and wet with oily sheen.

- 5 - Brown S3ndy cl3y alll.5.

- 6 - f------
Somple 6 PIO headsp,ce re,ding: 200.0 ppm.

- 5 - ML

- SS 24 24 12 7 12·14 3 - Top 8-: Brown medium to fino sand; running S3nd. not representative of formation.

- 3 - Middle 14": Brown S3ndy cl3y wi sill.

- 3 - Bottom 2": Grey silty cl3y.

I- 3 -
~

Entire spoon weI with oily sheen. Sample 7 PIO headsp,ce re'ding: 200.0 ppm.

- SS 18 18 14 8 14-16 1 for 12" - Top 9-: running sand: nol represont3tivo.

-
_. 15- Bottom 9"; grey sitty cl3y.

- 1 for 12" - Wet with oily sheen.

- -- - Somple 8 PIO headspace reading: 300.0 ppm.

- SS 24 24 16 9 16·18 1 for 12" - Silty grey cl3y; wet wrth oily sheen.

- .- - S,mple 9 PIO headspace reading: 50.0 ppm.

- 1 for 12" -
- --- -

- -
- -

- -
- 20-

- -
- -

- - Welllnst,lIation:

- I
-

- - 5-0n.: Schedule 40. 2·in. 1.0. PVC riser.

- - I 13-5 n.: Schedule 40. 2·in. 1.0. PVC O.Ol-in. scroen.

- I -

I
13.5-4 fl.: #1 Marie fitter S3nd.

1--1 I
- 4-2 fl.: Coarse-grade ben1oni'le s9al.

I I - 2-1: #1 Marie filler S3nd.

1-0 It: Concrele and steel. boll-down curb-box.
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I
LOG OF BORING AAS-1

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387176.0, Easting: 562671.1
Top of Well Casing Elevation: 66.99 ft.
Surface Elevation: 67.53 ft.
Well Casing Below Surface: 0.54 ft.
Reference Elevation: 70040 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/21/93
Completion Date: 7/21/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.

Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.

Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for VOC.

Surface Conditions: Asphalt; level.

Samplo In. I In. Casing Sample Sample I Blowsl Doplh Graph

Typo Driven I Rcvd. Doplh No. Dopth 6·in. Fool Log D9scr~tK)o

- I I I
0_

- - Augorod 0 to 5 h.

- I I
- Top 4 inchos is asphan and layorod gravol.

- --I
Drill cuttings: light brown. fine to mad. sand. trace of silt.

-

I
- I --I- I

I -I- I I

I
- I I -I

- I ! '-:1-

I- 5S 24 24 5' 1 5'-T 4 Light brown fino 10 mod. sand consisting of subangular. fairly woll sortod clasts of quartz with scmo

- 10

~I
SP mica fl3kos and traces of foldspars; traco of sin; dry 10 slightly moist.

I - 9 Modium donsity.

9 Samplo 1 Hnu roading: 0.3 ppm.

- - Augorod to 10ft.

- - Drill cuttings: Samo as abovo (SAA)

I - Water table encountGl'8d at approximately 8 ft.

-
- 10-

- SS 24 18 10' 2 10'-12' i 2 - 5AA but with highor porcontago of mod. sand. WOI and looso.

I - I 3 - SP

5 - Samplo 2 Hnu roading: 0 ppm.

6 -
- - NOTE:

- - Augorod 10 15 It. Al t3 to 20 h. running sands bogan 10 rise up inlo augor duo 10 doplh bonealh

I - water-tabkf and the subsequent pressure dithmmcQ when the auger plug was removed; as a result.

- samples 3 and 4 and their blow counts may not be reflective of actual site condtlions.

- - Augor cunings: SAA.

- 15-

I
- SS 24 18 15' 3 15'-IT 3 - SAA.

- 3 - SP

- 3 - Sample 3 Hnu roading: 0 ppm.

- 4 -
- - Augorod 10 20 ft.

I-- I
- Drill cuttings: SAA.

-

I

~ :1

-

I i 20
---I

-
SS 24 4 20' 4 20'·22' 5 - Bluo-groy clay with lraco 01 silt. High plaslicity. soft.

5 - CL Clay Intorlaco with ovorlaying sand occurs at 19.5 ft. /
4 - Sample 4 Hnu reading: 0.3 ppm.

I 5 - Drilling complolod to 22 h. Air $parging Woll Conslruclion:

I-~
- 22·19.5 ft. Backfill.

- 19-t6 ft. Schedule 40. 2-in. 10.0.01 slottod PVC scroon.

- 16-1 ft. Schodulo 40, 2-in 10 PVC risor.

1- - 19.5·15.5 ft. ot Silica sand... - I - 15.5-13.5 ft . CoarsG·grade bentonltG s9al. ij I 13.5-2 h. Portland grout.

•

I
I
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I LOG OF BORING AAS-2

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387130.6, Easting: 562667.9

Top of Well Casing Elevation: 65.66 ft.

Surface Elevation: 66.94 ft.

Well Casing Below Surface: 1.28 ft.
Reference Elevation: 70.40 ft.

Reference Description: Basis for elevation is Navy disk

recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/22/93

Completion Date: 7/22/93

Location: Navy Exchange Service Station, Brunswick Naval

Air Station, Brunswick, Maine.

Job No.: 12197.14

Client: N. Division, Naval Facilities Engineering Command.

Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.

Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".

Soil analyses method: Hnu PID headspace readings for vac.
Surface Conditions: Asphalt; level.

I
I

I

I
I
I
I
I
I
I
I
I

Sample I In.

I
In.

I
Casing I Sample Sample i Blowsl IDepth Graph

IType Driven Rcvd. Depth No. Depth I 6·jn. Feel Log Description
,

I 0
I

- I
-

I
- --I

Augered 0 to 5 h.
I Top 4 inches is asphalt and layered gravel.- I-

! I
--I Drill cUllings: light brown, silty, tine to med. sand, trace of clay; organic; loamy,

-
- , -I

- - SM

- ---
- -

- -
- 5-

- SS 24 18 5' 1 5'·7' 3 - light brown mad, sand wi some fine sand; conststing of slJJangubr, fairly well sorted c~sts at quartz

- 6 - SP Wi some mica flakes and traces of feldspars; trace of silt: dry to slightly moist; loose,

- 4 -
- 4 - Sample 1 Hnu reading: 120,0 ppm,

- -
- - Augered to 10ft,

- - Drill cUllings: Same as above (SAA)

- - Water table encountored at approximately 8 ft.

-
110~-

- SS 24 15 10' 2 10'·12' 1 SAA but Wet,

- I
2 j- SP

- 3 I - Sample 2 Hnu reading: 5,0 ppm,
I

- I
6 1-

- I NOTE:

I

I-~
Augered to 15 ft, At 13 to 20 ft, running sands began to rise up into auger due to depth beneath-

- W3t8NabtG and the subsequent pressure difference when the auger plug was removed; 3S 3 result.

-

/15 -

samples 3 and 4 and their blow counts may not accurately reflect site conditions.

- Auger cuttings: SAA,

- ,
SS 24 12 IS' 3 15'-17' I 2 SAA except fine sand wI some med. sand.- I I -I2 SP- I 1-

- I
4 Sample 3 Hnu reading: 10,0 ppm,

- 8 1--
- I I - Augered to 20 ft.

- I I ! ,- Drill cuttings: SAA,

I
i I

- 1---
- I 120~-

I- SS 24 24 20' 4 20'-22' 3

I-~
light brown fine sand; wet.

- 6 SP

I

I
8 Sample 4 Hnu reading: not taken,

--I 20 I-- Drilling completed to 22 h, Air Sparging Well Construction:

-I
I

22-15,5 ft. Backfill.
,

15-12 ft. Schedule 40, 2-in, 10, 0,01 slotted PVC screen.
-1 I i-

--I I 12·1 ft, Schedule 40, 2-", 10 PVC riser.

! -

II
I i-_ 15,5·11,5 h. .1 Silica sand.

-I I
11,5-9,5 h. Co.:arse·grade bentonite seal.

i 9,5-2 h, Penland grout,



I
I

P.gel

LOG OF BORING AAS-3R

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387095.6. Easting: 562663.5
Top of Well Casing Elevation: 66.63 ft.
Surface Elevation: 67.94 ft.
Well Casing Below Surface: 1.31 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 3/24/94

Completion Date: 3/24/94

Location: Navy Exchange Service Station, Brunswick Naval
Air Station. Brunswick, Maine.
Job No.: 29600.21.3605
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted CME drill-rig using 4.25" 10

hollow-stem augers.
Sampling Method: 2' and 1.5' split-spoons (SS) driven 24"

and 18" by 140 lb. hammer falling 30 inches.
Soil screening method: PID headspace readings for VOC.

Surface Conditions: Grassy, level topsoil.

I
I
I
I
I
I
I
I
I
I
I
I

IS.mple In. In. C.sing S.mple S.mple i Blowsl Deplh Groph

Type Driven Rcvd. Depth (h) No. Depth (h) I 6·;n. Feel Log Description

- 0_

- AUGER - OPSOIL Augered 10 6' (5' from ground surf.ce plus l' of topsoil of ro.d islond).

- - --
- -

- -
- - Auger cuttings: d.rk brown silty fine to medium sond (topsoil).

- -
- -

- -
- -

- 5-
- -

- -
- SS 18 18 6 1 6·8 6 - SP Top 3": d.rk brewn silty fine to medium s.nd.

- 7 - Bottom 15-: brown medium to fine sand consisting of subangular, fairty woll-soned clasts of quartz

- 7 - wilh some mica flokes.nd tr.ces of feldsp.rs; tr.ce of silt; dry to slightly moist: medium density.

- 11 - Sample 1 PID headspace reading: 1.0 ppm.

- SS 24 24 8 2 8-10 3 - Same as above but wet: waler table at g'; petroleum odor.

- 2 - Sample 2 PID headspace reading: 400.0 ppm,

- 4 - Sample collected for laboralory analysis·somple AAS-3R.

-
I

2 10-
- SS 18 18 10 3 10-12 6 - Same as above but stained dark brown at 11 It.•nd wet with oily sheen; strong petroleum odor.

- 6 - Sample 3 PID headspace reading: 380.0 ppm,

- 7 -
- 8 -

- SS 24 24 12 4 12-14 6 - Same 3$ above: stained d31i( brown, wei with oity sheen.

- 5 - Sample 4 PIO headspace reading; 340.0 ppm.

- 11 -
- 16 -

- SS 24 24 14 5 14-16 10 - Same 3S above but with no staining or oity shoen.

- 11 15- Sample 5 PID headspace reading: 360.0 ppm.

-
I

18 -
- 27 -

- SS 24 24 14 6 11;-18 10 - Top 20": Same as above.

- 13 - Bottom 4": brown sondy cloy with silt.

- 16 -- Sample 6 PIO headspace reading: 120.0 ppm.

- 12 - ML

- SS 24 24 18 7 18-20 6 - Top 20-: brown medium to fine sand: running sand. not representativo of formation.

- I
2 - Bottom 4": grey-blue silty clay.

- 3 -- Sample 7 PID headspace .eading: 45.0 ppm.; reading laken from bottom 4".

-

I

2 20- CL

- -
- -

-

I
- Air Sparging Weilinstallotion:

- -
-

I I - 14-0 It.: Schedule 80, 2-in. 1.0. PVC riser.

- I - 17-14h.: Schedule 80, 2·;n. 1.0. PVC O.Ol-in. scroen.

I I

-I I I ! - 17.5-13.5 It.: #1 Morie filtersond.

I

I
I 13.5-11.5 It.. Coarse-grade Bentonite seal.--I I

I --II i I
11.5-4: Portland cemenl grout

I 4-0 It.: Backfill and temporary sleel. bolt-down curo-box.
I !
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I
LOG OF BORING AAS-4R

I
I
I
I
I

EA Engineering, Science &Technology

Coordinates: Northing: 387132.5, Easting: 562720.5
Top of Well Casing Elevation: 67.17 ft.
Surface Elevation: 67.89 ft.
Well Casing Below Surface: 0.72 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 3/24/94
Completion Date: 3/24/94

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, BrunswiCk, Maine.

Job No.: 29600.21.3605
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted CME drill-rig using 4.25" 10

hollow-stem augers.
Sampling Method: 2' and 1.5' split-spoons (SS) driven 24"

and 18" by 140 lb. hammer falling 30 inches.
Soil screening method: PID headspace readings for VOC.

Surface Conditions: Grassy, level topsoil.

I

I
I

I

Sample In. In. Casing Sample Sample i Blows\ Deplh Graph

Type Driven Rcvd. Depth (h) No. Depth (h) I 6·in. Feel Log Desc,.,lion

- I 0-
- AUGER - Augered 10 5'. Encountered PVC piping fragments al"-2' (pipe extension from AAS system).

- -
- -

- -
- -

- - Auger cun,ngs: brown coarse to medium sand. Iraco of fine sand (pre-existing sandpack).

-

I
-

- -
- -

- I
5_

- SS 24 24 6 1 5-7 5 - Top 4": Same as above.

- 4 - Bonom 14": brown medium to fino sand consisting of subangular. fairly well sorted cbsts of quartz

- 3 - SP Wi some mica flakes and tracos of feldspars: trace of silt; dry to slightly moist; medium density.

- 4 - Some iron SL1ining. Sample 1 PID hoadspace reading: 0.6 ppm.

- SS 24 12 8 2 7-9 1 - Top 2": lense of brown silty fino sand.

- 2 - Bonom 22"; brown medium to fino sand consisting of subangular. fairly well sorted clasts of quartz

- 2 - wi some mica flakes and lTacos of feldspars: lTace of sill; dry to slightly moist; medium density.

- 2 - Some iron SL1ining; wet; wa18rtable 7'-8.' Sample 2 PID headspace reading; 0.2 ppm.

- SS 18 18 10 3 9-11 3 - Same as 3bOY8.

- 5 10- Bonom 2"; brown silty clay Wi fine to medium sand.

- 5 - Sample 3 PID headspace reading: 1.2 ppm.

- 5 -
~- SS 24 24 12 4 11-13 2 - Top 12": brown medium to fino sand.

- 1 - MtddJe 6-: brown silty clay with fine to medium sand.

- 2 - I---- Bonom 6": grey silty clay.

- 3 - CL Sample 4 PID headspace reading: 1.6 ppm.

- - Sample collected for laboratory analysis-sample AAS-4R.

- -
- -

- 15-
- -

- -
-

- -
- -

- -
- -

- -
- -

- 20-
- -

- -
- - Air Sparging WelllnsL1lbtion:

- -
- - 9-0 it.: Schedule 80. 2-in. 1.0. PVC riser.

- - 12-9 it.: Schedule 80. 2-in. 1.0. PVC. O,01-in. screen.

- I
I

- 12.5-8.5 it.: '1 Morie filter sand.

-
I I

- 8.5-6.5 h.: Coarse-grade bentonite seal.

- - 6.5-3.5 ft.: Portland cement grout.

I 3.5-0 it.: Backfill and temporary bolt-down curb-llox.

I
I

I
I
I
I
I
I



I
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LOG OF BORING AAS-5

I
I
I
I
I

EA Engineering, Science &Technology

Coordinates: Northing: 387099.1, Easting: 562683.2
Top of Well Casing Elevation: 67.06 ft.
Surface Elevation: 67.52 ft.
Well Casing Below Surface: 0.46 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/21/93

Completion Date: 7/21/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.

Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for VOC.

Surface Conditions: Asphalt; level.

I
I

I

I
I
I
I
I
I
I
I
I

Sample I In. I In. Casing

I
Sample Sample ! Blowsl IDepth IGraph

Type Drtv9n Rcvd. Depth No. Depth I 6·in. I Feel Log Descriplion ,

I I
I

1 0_-

I- - Augered 0 to 5 ft.

- - Top 4 inches is asphaft and layered gravel.

- - Drill cunings: dar!< brown, silty, fine to med. sand: loamy, organic; to ft. brown med. sand Wi fine

- - sand; fairly well sorted. subangular clasts-predominantly quartz; petroleum odor.

- -
- -

- -
- - SM

- ---
- 5-

- SS 24 18 5' I 5··T 4 - light brown med. sand wi some to trace of fine sand; consisting of subangular, fairly well sorted clasts of

- 4 - SP w/quartz wi traces of feldspars and mic3 flakes; trace of silt; dry to slightly moist; loose.

- 5 - Petroleum odor.

- 4 - S3mple I Hnu reading: 120.0 ppm.

- -
- - Augered to 10ft.

- - Drill cunings; S3me as above (SAA)

- - Water table oncountered at approximately 8 ft.

- -
- I

I" :- SS 24 24 10' 2 10'·12'

I
2 Top 15 inches: SAA; wet; 10050.

- 3 Bottom 9 inches: brown silly fino sand wi some med. s.3nd and tr3ces of clay; laminated: wei: k>OS9.

- 3
______a

Sample 2 Hnu reading; 180 ppm.

- 2 - SM

- SS 24 24 12' 3 12'-14' 2 - Top 12 inches: Same as bonom 9 inches of SS sample 2 (above).

- I - ~ Maddie to inches: brown--grey silly cby wi some tine sand; wet; low density; high pL1sticity.

- 2 - ML Bottom 2 inches: blue-grey clay w/1race at sill; soft: high plasticity.

- I - ------_.-- Sample 3 Hnu reading: 300 ppm.

- CL

- 115~
-

- - Drilling comploted to 14ft. Air Sparging Well Construction:

- - 14·13.5 It. Backfill.

- - 13·10 ft. Schedule 40, 2-in. 10,0.01 sloned PVC screon,

- - 10·1 ft. Schedule 40, 2-in 10 PVC risor.

- - 13.5·9.5 ft. ., SiHca sand.

- 9.5-7.5 ft. Coarseilrade bentonito """I.

- !- 7.5'2 ft. Portland groUl.

-
120~- I- 1---

- -
- -

- -
- -

- I 1-- 1- I

I
I

! I- ! I -I
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LOG OF BORING AAS-6

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387021.0, Easting: 562663.0

Top of Well Casing Elevation: 65.33 ft.
Surface Elevation: 65.78 ft.
Well Casing Below Surface: 0045 ft.
Reference Elevation: 70040 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.
Start Date: 7/20/93
Completion Date: 7/20/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.

Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for vac.
Surface Conditions: Grassy; level.

I

I
I
I
I
I
I
I
I
I
I
I

Sample I In. In. Casing Samplo Somple I Blows\ IDopth Graph

I ITypo Driven Rcvd. Depth No. Dopth 6·in. Foot Log Description

- 0_

- - Augorod 0 to 5 h.

- -
- - Drill cuttings; dark brown to brown. silty. fine to meet sand. tracas of coarse sand and clay; loamy,

- - organic rich; slight petroleum odor. Modium pl3sticny.

- -
- -

-
I

-
- -

- I -
- I , 5_

- SS 24 24 5' 1 5'·1' : 8 I -~ Top 5 inches: d.1rk reddish brown, silty medium to line sand; medium density.
! i

- 9 - SP Grades to med to light brown mod. sand Wi somo to traco of fino sand; consisting of subangul3r. fairly

- 12 - woll sonod cl3s15 of quanz Wi tracos of foldspars and mica fl3kas; traco 01 sill; dry to slightly mOISt

- 9 - Medium donsny. Potroleum odor.

- - Sample I Hnu roading: 140.0 ppm.

-
I -- Augorod to 10ft.

- Drill cuttings; Samo as abovo (SAA)

- - Wator table oncountored at approximatoly 7-8 h.

- 10-
- SS 24 24 10' 2 10'-12' I - SAA but wot and 10050; wator has oily shoen.

- 3 - SP

-

I
5 - Somple 2 Hnu reading: 120 ppm.

- 4 -
- - Augorod to 13 ft.

- -
- SS 24 20 13' 3 13'·15' 2 -~ Top 6 inch..: same as SS sample 2.

- 4 - ML Middle 9 inches: brown·groy silty cl3y Wi somo fino sand: low densny, high pl3sticny; wol.

- 2 - --- Bonom 5 inches: blue-groy clay wi traco of sin; high plasticny, soh. WOI.

- 2 IS- CL Strong potroleum odor.

- I - Somplo 3 Hnu reading: 160 ppm.

- -
- - Drilling comploted to 15 h. Air Sparging Woll Construction:

- - 15-14.5 h. Backfill.

- - 14-11 h. Schedule 40, 2-in. 10, 0.01 slonod PVC screon.

- - 11-1 h. Schedulo 40, 2-in 10 PVC riser.

- - 14.5·10.511. .1 Silica sand.

-

I

- 10.5-8.5 h. Coarso-grado bontonno seal.

- !20~
8.5'2 h. Portland grout.

- I

i
I

I

- I

- I-- I-
- I I-

I
- I

I 1--- I II
I

i I
j I

I
- ! . i

I

-,-- I I
I

! - I

I I !
I - II , I
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I
LOG OF BORING AAS-7

I
I
I
1-
I

EA Engineering, Science & Technology

Coordinates: Northing: 387036.4, Easting: 562690.2

Top of Well Casing Elevation: 65.21 ft.
Surface Elevation: 66.01 ft.
Well Casing Below Surface: 0.80 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/20/93
Completion Date: 7/20/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.

Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for vac.
Surface Conditions: Grassy; level.

I

I

I
I

Sample In. In. Casing Sample Sample I Blowsl Depth Graph

Type Driven Rcvd. Depth No. Depth i 6·in. Feet Log Desc~tion

- 0-
- - Augered 0 to 5 h.

- -
- - Drill cuttings: dar!< brown to brown. siny, fine 10 med. sand, some to trace of clay and traces of

- - coarse sand and fine gravel; loamy, orgnnte rich; slight petroleum odor. Medium pklsticity.

- -
- - SM

,
-

- -
- - --

- 5_

- SS 24 18 5' 1 5'·1' 5 - Ugh! brown med. sand wi some to trace of fine sand: consisting of subangular, fairly

- 8 - SP well sorted clasts of quartz wi traces of feldspars and mica flakes: trace of sin: slightly moist to wet

- 9 - Medium density. Petroleum odor.

- 10 - Sample 1 Hnu reading: 60.0 ppm.

- -
- - Augered to 10 II.

- - Drill cuttings: Same as above (SAA)

- - Water table encounte",d at approximately 7·8 ft.

- - Strong petroleum odor.

- 10-
- SS 24 19 10' 2 10'-12' 2 - SP Top 10 inches: same as SS sample 1 but loose.

- 1 -
_..._-- Middle 6 inches: brown'grey to blue siny clay Wi some fine sand: low density, med. plasticny', wet

- 3 -~ Bouom 3 inches: blue-grey clay Wi trace of sin: high plasticny; soft. Wet

- 3 - CL Sirong petroleum odor.

- - Sample 2 Hnu reading: 160 ppm.

- -
- -

- - Drilling completed to 12 h. Air Sparging Well Construction:

- - 11.5·8.5 ft. Schedule 40, 2·;n. ID, 0.01 sloUed PVC screen.

- 15- 8:5·1 h. Schedule 40, 2·;n ID PVC risGr.

- - 12-8ft. '1 Silica sand.

- - 8-6 ft. Coarse-grade bentonite seal.

- - 6·2 ft. Portland grout.

- -
- -

- -
- !

, -
-

I I I ,- i- -
- 20-

- -
- -

- -
- -

- -
- -

-

I -~I- :

- II

I

I
I

I
I
I
I
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I
LOG OF BORING AAS-8

I
I
I
I
I

EA Engineering, Science &Technology

Coordinates: Northing: 387052.2, Easting: 562715.5
Top of Well Casing Elevation: 65.65 ft.
Surface Elevation: 66.17 ft.
Well Casing Below Surface: 0.52 ft.
Reference Elevation: 70040 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/20/93
Completion Date: 7/20/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.
Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.

Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for VOC.

Surface Conditions: Grassy; level.

Sample In. In. Casing Sample Sample I Blows\ Depth Graph
j

Type Driven Rcvd. Depth No. Depth 6·jn. Feet Log Description

-

I
I

I0 -- Augered 0 10 5 h.

-
- I ! I - Drill cuttings: dark brown to brown, silly, fine to med. sand, some to l1ace of clay and traces of

- - coarse sand and line gravel; loamy, organic rich; slight petroleum odor. Medium plasticity,

- - SM

- - Grades to:

- --- Iighl brown med, sand wi some to trace of fine sand; consisting of subangular, fairly

- - well soned clasts of quanz wi traces of feldspars and mica flakes; trace of sill; slighlly moist to wet
I

- -
- 5-

- SS 24 19 5' 1 5'·7' 5 - lighl brown med, sand wi some to trace of fine sand; consisting of subangular, fairly

- 8 - SP well soned clasts of quar1Z wi traces of feldspars and mica flakes; trace of sill; slightly moist to wet

- 9 - Medium density. Petroleum odor.

- 10 - Sample 1 Hnu reading: 50.0 ppm,

- -
- - Augered to 10ft.

- - Drill cuttings: Same as above (SAA)

- - Water table encountolVd at approximately ]·8 tt.

I - Strong petroleum odor,

--I 10- I-
- SS 24 24 10' 2 10'-12' 1 - Blue-grey clay wi trace of sill: high plasticity; soft. Wet

- 1 - CL

- 1/12" - Sample 2 Hnu reading: 4.0 ppm.

- --- -
- - Clay....nd imerface suspected to be at approximately 9.5 h. based on surrounding geology.

- -
- -

- - Drilling completed to 12 ft. Air Sparging Well Construction:

- - 12-10 Backfill.

- 15- 9.5-7.5 h. Schedule 40, 2-in, 10,0,01 slolled PVC screen.

- - 7·1 h. Schedule 40, 2·in 10 PVC riser.

-
I

- 10-7 ft, .1 Silica sand.

- - 7·5 h. C031S8-.grade bontonite 5931.

- I - 5·2 ft. Ponland grout.

- i ! i -
-

I
-

- -
- -

- -

- 20_

- -
- -

-

I
-

- -
- -

- I
-

- -
-

I
I -

- I I -Ii I
II

I
I

I
I

I
I
I

I
I

I
I
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I
LOG OF BORING AAS-9

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387067.0, Easting: 562741.1
Top of Well Casing Elevation: 65.98 ft.
Surface Elevation: 66.37 ft.
Well Casing Below Surface: 0.39 ft.
Reference Elevation: 70040 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/20/93
Completion Date: 7/21/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.
Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".
Soil analyses method: Hnu PID headspace readings for VQC.

Surface Conditions: Grassy; level.

I

I

I
I

Sample In. In. Casing Sample /sample I Blows\ Depth IGraph IType Driven Rcvd. Depth No. Depth I 6-in. Feet Log Description

- ! I i !o_ ! I

! I i I Augered 0 to 5 h. '1- I
-

i I- I -
- ! - Drill cuttings: brown, silty, tine to mod. sand, some to trace at clay and traces at

- - CO.3rse sand and fine gravel; loamy, org.3nte rich. Medium plasticity.

- -
- -

- -
- -

- -
- 5-

- SS 24 24 5' 1 5'-1' 2 - SM Top 8 inchllS: SAA. Dry to slightly moist, low density and medium plasticity.

- 7 - -- Middl9 14 inches: light brown to reddish brown med. sand w/tfaCe of fine sand and sih; consisting of

- 10 - SP sl.ilangula', fairly well Sdrted clasts df quartz wi traces of feldspars and mica flakes; dry

- 8 - '--
to slightly moist; med. density. Bohom 3 inches: blue-grey clay wi trace of silt.

- SS 24 24 l' 2 T,9' I 2 - CL Sample 1 Hnu reading: 4.0 ppm.

- 2 - Blu"1l,ey clay wi trace 01 sift; high plasticity; soft. Wet.

- 3 - Sample 2 Hnu reading: 5.0 ppm.

- 1 -
- - Drilling completed at 9 ft. Ai' Sparging Well Construction:

- I 10- 9-7.5 Backfill.

- - 7-6 ft. Schadule 40, 2-;n. ID, 0.01 slotted PVC scroon.

- - 6-1 ft. Schadule 40, 2-in ID PVC riser.

- - 7.5-5.5 ft. ., Silica sand.

- - 5.5-3.5 h. C03f'S.e-'grade bentonite seal

- - 4.5-2 ft. Portland grout.

- -
- -

- -
- -

-
, 15
I - It ,

- - !

-
I
'-

- -
- -

- -
- -

- -
- -

- -
- 20-

- -
- -

- -
- -

- -
-

I 1---

I
I-

I I
,-

- I -,

I
I

I

I
I
I
I
I
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I LOG OF BORING AAS-1 0

I
I
I
I
I

EA Engineering, Science & Technology

Coordinates: Northing: 387082.9, Easting: 562766.1

Top of Well Casing Elevation: 66.26 ft.
Surface Elevation: 66.71 ft.
Well Casing Below Surface: 0.45 ft.
Reference Elevation: 70.40 ft.
Reference Description: Basis for elevation is Navy disk
recessed in concrete platform on Orion Street just south of

Fitch Street. Coordinates based on pre-existing wells.

Start Date: 7/21/93

Completion Date: 7/21/93

Location: Navy Exchange Service Station, Brunswick Naval
Air Station, Brunswick, Maine.

Job No.: 12197.14
Client: N. Division, Naval Facilities Engineering Command.
Drilling Method: Truck-mounted, Mobile, Inc., B-61 drill-rig

using 4.25" 10 hollow-stem augers.
Sampling Method: 2' split-spoon (SS) driven 24" by dropping

140 lb. hammer 30".

Soil analyses method: Hnu PID headspace readings for vac.
Surface Conditions: Grassy; level.

I
I
I
I
I
I
I
I
I
I
I
I

S3mple In. In. Casing S3mplo ISample ~ Blows\ IDepth' G'3ph I
Typo Driven Rcvd. Dopth No Dopth , 6·jn I Feet Log Description I

- 0-
- - Augored 0 to 5 H.

- -
- - Crill cuttings: brown. sihy. fine to med. sand. some to Irace of clay and traces of

- - coarse sand and fine gravel; loamy, organic rich. Medium plasticity.

- -
- -

- -
- - SM

- - --
- 5_

- SS 24 18 5' 1 5'·1' 6 - light brown mod. sand wI Irace of fine sand and silt: consisting of subangular, fairly well sorted clasts of

- 15 - SP qU3nz Wi tr3COS of foldsP31S 3nd mic3 f13l<0s; tr3CO of silt; dry to slightly moist; slight potroloum odor.

- 16 - Modium density.

- 17 - ~ S3mple 1 Hnu; 0 ppm.

- SS 24 24 7' 2 T·9· 8 - ML-CL Top 12 inches; 8AA with somo sin and tr3ce of cby.

- 7 - I-
Middle 11 inches: groy-t>rown siny cby; modium density and plasticity.

- 7 - CL Bonom 1 inch: Blue-groy clay wi tr3co of silt; high pbsticity. Wol.

- 8 - S3mplo 2 Hnu reading; 1.0 ppm.

- -
- 10- Drilling comploted to 9 H. Air Sp3rging won Construction;

- - 9·8.5 83Ckfill.

- - 8·7 H. Schedule 40. 2·in. 10.0.01 stoned PVC scroon.

- - 7·1 H. Schodulo 40. 2·in 10 PVC risor.

- - 8.5-6.5 H. lIlI1 Silica S3nd.

- - 6.5·4.5 H. Coarse-grade bentoni19 so31.

- - 4.5·2H. Ponl3nd grout.

- I -
1 !- i- I

- -
- 15_

- -
- -

- -

- -
- -

- -
- -

- -
- -

- 20_

- , -
- i -

- -
- i -

- i -
- I ; - I

- ! -
- I

I
, -

- I -
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Appendix B

Well Construction Diagrams



t ......~

J.-.rOlCOl81_.....

Concrete mix.

2" Sch 40 PVC
Well Screen
(0.010" Slots)

# 1Silica
Sand Pack

Backfill

# 1Silica
Sand Pack

Hydrated Coarse-grade
Bentonite Seal

2" Sch 40 PVC Well Casing

Locking, expandable plug.

.-1
8.25 in.I~

Well Construction Diagram

8inch. diameter flushmount, bolt-down curb-box.

........................ ~__r~~-Ground Surface

Well construction diagram for monitoring well MW-1 R.

I
I
I

Oft

I
I
I 1ft

I 2ft

I
4ft

I 5ft

I
I
I
I
I
I
I
I
I
I



Well Con$truction Diagram

U9«ltlWlNl.SOIl«:l.
AlClIltIfQOG'IlW__

t.-me-CN'"_..-

Concrete mix.

2" Sch 40 PVC
Well Screen
(0.010" Slots)

Backfill

# 1Silica
Sand Pack

# 1Silica
Sand Pack

Hydrated Coarse-grade
Bentonite Seal

2" Sch 40 PVC Well Casing

Locking, expandable plug.

~I
8.25 in.1--

8inch. diameter flushmount, bolt-down curb-box...----
___---------_!'!'!'!",'!'!'!,...,.,....,.-Ground Surface

Well construction diagram for monitoring well MW·4R.

7ft

5ft

2ft

4ft

1ft

Oft

1ft

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



EA EJIGNEfRN) SCl&Q..

N(JTE£:...uOjY

l~e IilU'U Ml*l:o
).CjIlIGtOlClItl(1l

.1!'IrIUA"~1n"2'U

2" Sch 40 PVC Pipe

Cement Grout

2" Sch 40 PVC Well Casing

2" Sch 40 PVC Tee
(All Outlets Female Thread)

# 1Silica
Sand Pack

Backfill

Hydrated Coarse-grade
Bentonite Seal

Flushmount, Galvinized-Metal SeNice Vault

8.25 in.

2" Sch 40 PVC Hi-Flow
:J==~~~~~- Well Screen

(0.010" Slots)

Construction Diagram

Expandable a-Ring Suction .CuP
NPT Threads

Well construction diagram of aquifer air sparging well AAS-1.

2 ft ---1::: :;:.::

8ft

Ground Surface

Oft_~~~~~~~~~~~~~~~~~~~~Pffi~~G~ge
1ft 2" Sch 80 PVC Ball Valve

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Construction Diagram

Ua.'GNE£.RN3.SCI&a..

AllJTECtNl.<XjY

lNf~1llU*G

l.II6IIIIilOllCU'lUII

~r-II.I~.nu..

Cement Grout

2" Sch 40 PVC Pipe

2" Sch 40 PVC Well Casing

# 1Silica
Sand Pack

Backfill

2" Sch 40 PVC Tee
(All Outlets Female Thread)

Hydrated Coarse-grade
Bentonite Seal

~I8.25 in.I'"

Expandable O-Ring Sucti~n Cup

NPT Threads

Well construction diagram of aquifer air sparging well AAS-2.

Flushmount, Galvinized-Metal Service Vault

~

oft=lE;iiEE& ~~m"m:---:~~~---=--- __-r_GrOUnd Surface
.... .. Pressure Gauge

2" Sch 80 PVC Ball Valve

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



u_saea.
AHl1ll:Hllem..._

,.-.rOlUII!ll
~.,,~

Backfill

2" Sch 80 PVC Well Casing

Cement Grout

# 1Silica
Sand Pack

2" Sch 40 PVC Pipe

2" Sch 40 PVC Tee
(All Outlets Female Thread)

Hydrated Coarse-grade
BentonITe Seal

2" Sch 80 PVC Hi-Flow
~I--- Well Screen

(0.010" Slots)

Sparge Well Construction. Diagram
Expandable CoRing Suction Cup 2ft. by 2ft. Flushmount, Galvinized-Metal Service Vault

Ground Surface

••••••rr--=~~;;~~:==:+=~pressureGauge

2" Sch 80 PVC Ball Valve

Oft

Well construction diagram for aquifer air sparging well AAS-3R.

195ft .. ...

2~ ft ~\~~~\:ifj~\II;::[iI.riY;:i:nl~~iID~:~~~tl~ID]\\::~i;:ii:i {:;~::~;:~~:::;:h~~~~"m~t.~~~:;:;;::;i~::)::;:i:::i~::~;:::;:;i;;:;;i;;~:;::;:;,::;::~::i:::~m~:~:;~::::::
I~ ~I

8.25 in.

I
I
I
I
I
I
I
I
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I
I
I
I
I
I
I
I
I



Sparge Well Construction Diagram

.._
,_-.:g.CSBl_......

Cement Grout

Pressure Gauge
2" Sch 80 PVC Ball Valve

2" Sch 40 PVC Pipe

# 1Silica
Sand Pack

2" Sch 40 PVC Tee
(All Outlets Female Thread)

~I

''''~;;'i4--- Hydrated Coarse-grade
Bentonite Seal

~~~~~ .......- 2" Sch 80 PVC Well Casing

8.25 in.

E~~~~~ 2" Sch 80 PVC Hi-Flow
~- Well Screen

(0.010· Slots)

I~

2ft. by 2ft. Flushmount, Galvinized-Metal Service Vault..-----
--"~_~ ---.__Ground Surface

Expandable Q-Ring Suction CJJp

NPTThreads

Well construction diagram for aquifer air sparging well AAS-4R.

2

6.5 ft.
7 ft.

I
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Construction Diagram

'Mf~""
1.U.ICIOllClIll(.

'"WK.Il,-'''''

2" Sch 40 PVC Pipe

Cement Grout

Pressure Gauge
2" Sch 80 PVC Ball Valve

2" Sch 40 PVC Well Casing

2" Sch 40 PVC Tee
(All Outlets Female Thread)

# 1Silica
Sand Pack

Backfill

Hydrated Coarse-grade
Bentonite Seal

C:=--8~~~+--- 2" Sch 40 PVC Hi-Flow
Well Screen
(0.010" Slots)

8.25 in.I~

Flushmount, Galvinized-Metal Service Vault..----__rOO:::::::--~----__-I_Ground Surface

Expandable a-Ring SuctioQ Cup

NPTThreads

Well construction diagram of aquifer air sparging well AAS-5.

2ft
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I



Construction Diagram

EA ENGNEfRN3, SOENCE..,
N4l TECttaOOY

!NI ....... M.DIIG

1.UICJOIlClIIS(A

INIUK.It,nl2'B

~._.

Cement Grout

2" Sch 40 PVC Well Casing

# 1Silica
Sand Pack

Backfill

2" Sch 40 PVC Pipe

Pressure Gauge

2" Sch 80 PVC Ball Valve

2" Sch 40 PVC Tee
(All Outlets Female Thread)

Hydrated Coarse-grade
Bentonite Seal

2" Sch 40 PVC Hi-Flow
Well Screen
(0.010" Slots)

--I8.25 in.
,....

Expandable C-Ring Suctiqn Cup

NPTThreads

Well construction diagram of aquifer air sparging well AAS-6.

.,
•'.. .... .. .. ..' .~<,..,..:::: .:::::~:~; ,,:~~~~~:::.:.~<:::~::~

~'"!Il":~f"~\~_
.!::::::::::::::::::::::::~~!~:::ti.JMgfgriY:::~t~y~:::::::::::::::::::::::::::::::::::::::::::::: :.' .' .. . '.

2ft
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~.f.-u~

).OIC.IOIUIlIIA
.,........ ,2'M

Pressure Gauge

2" Sch 80 PVC Ball Valve

2" Sch 40 PVC Pipe

Cement Grout

2" Sch 40 PVC Tee
(All Outlets Female Thread)

# 1Silica
Sand Pack

Backfill

Hydrated Coarse-grade
Bentonite Seal

~~~~~- 2" Sch 40 PVC Well Casing

8.25 in.

2" Sch 40 PVC Hi-Flow
.J--.......~~~~- Well Screen

(0.010" Slots)

Construction Diagram

Well construction diagram of aquifer air sparging well MS-?

2ft

Expandable a-Ring Suction ~up Flushmount, Galvinized-Metal Service Vault

NPTThreads ~
aft...,..;:;;;.;~;;r.~;;;~.~;;..: ;:;;;;;:;;:;;;;;;;;;;:;;:;;;;;;;;a-~~~-------r_GroundSurface

11.-LJ..l...J~~~

12fl.......1;;==~==~~==~~~~.;.;;.,;;..;,;~~~~~
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I
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I
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Construction Diagram

lAEl<G_.SClIIa.

AH) TECIfO.OOY

fllfWll'\fIlJll*G

J....IQOIICUI[A

.e-"'lII".oIInl'"

2" Sch 40 PVC Pipe

Pressure Gauge

2" Sch 80 PVC Ball Valve

Cement Grout

2" Sch 40 PVC Tee
(All Outlets Female Thread)

2" Sch 40 PVC Well Casing

Backfill

Hydrated Coarse-grade
Bentonite Seal

2" Sch 40 PVC Hi-Flow
'J--.....~~~~- Well Screen

(0.010" Slots)

#1Silica
Sand Pack

8.25 in.I~

Well construction diagram of aquifer air sparging well AAS-8.

9 .

2

7tt.

5ttl' )} :::: :: >........ ....: ii.:· :.

1tt

10 .

12IL1••••IIII~~~~IIII~
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l~t -"U IIA!*G

1 .......,Jl)IIC.flll(A

.fWtuK",ul'"

Backfill

2" Sch 40 PVC Well Casing

Cement Grout

Hydrated Coarse-grade
Bentonite Seal

2" Sch 40 PVC Pipe

2" Sch 40 PVC Tee
(All Outlets Female Thread)

Pressure Gauge

2" Sch 80 PVC Ball Valve

t=:::I!III~*~~+-- 2" Sch 40 PVC Hi-Flow
Well Screen
(0.010" Slots)

# 1Silica
Sand Pack

8.25 in.I'"

Construction Diagram

Well construction diagram of aquifer air sparging well AAS-9.

NOTE: Well seasonally dry.

9 '.I.--I~

7

Expandable a-Ring Sucti9n Cup Flushmount, Galvinized-Metal Service Vault

NPT Threads ..----
oft-,.tffi a.E._;.:::;;_Rr......;~~:-----__~__Ground Surface
1ft .:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:'
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T"f.....,~

1........10l1e..'(.

"flJtUlr.lII..,,1W

Pressure Gauge

2" Sch 80 PVC Ball Valve

2" Sch 40 PVC Pipe

Cement Grout

2" Sch 40 PVC Well Casing

# 1Silica
Sand Pack

2" Sch 40 PVC Tee
(All Outlets Female Thread)

Backfill

Hydrated Coarse-grade
Bentonite Seal

8.25 in.

~t:::31~~~~+-- 2" Sch 40 PVC Hi-Flow
Well Screen
(0.010" Slots)

Construction Diagram

Expandable O-Ring Suctio~ Cup

NPTThreads

Well construction diagram of aquifer air sparging well AAS-1 O.

NOTE: Well seasonally dry.

8

2

Flushmount, Galvinized-Metal Service Vault

~oft---,;::;;:;;:;;;;;:;;;;;:;;;;;:;;:::;:;;;;:;;;;;::::;;;;;:;r_~~:;;- -,-_Ground Surface

1 ft
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Appendix C

Field Record of Well
Development Forms



5

END I

£. 1'1

(j, 65

4

10

-COtC c

o Cf 35

4r
093?

3

yA-5 8 R. IJ N S- (.AI l c-«
jg'0 ,t=" ~ CL-ouQ'/

/5

2

..

A. ;;2...

-

/6710

/(), ;}..

/00;;2-

GAUGE TIME:
MEASUREMENT REF:
WELL DIAMETER (in.):

SITE NAME:
WEATHER:

7 I 8 I 9 I

I?

( ./9' t'. /5 6. / ;;.

6.06

/0 0 0

16f'o

D. WELL VOLUME/FT: O. L 6
E. WELL VOLUME (gal) (C*D): I. ? '-I
F. FIVE WELL VOLUMES (gal) (E*5)· -=1- ~ ,.

lOX = I 5', 4'

6

1/

16 0/0

BEGINNING

OCf38

o

17

1/;t5"/1'-1 DEVELOPMENT TIME:
:;bn1~S~b/.p FIELD TECHNICIAN:

I<.. \J Pl.I Wl P
WELL VOLUME

FIELD RECORD OF WELL DEVELOPMENT

DISSOLVED OXYGEN (mg/L)

CONDUCTIVITY (sLmhos/cm)

VOLUME PURGED (gal)

DISSOLVED OXYGEN (mg/L)

DEPTH TO WATER (ft)

RATE (GPM)

VOLUME PURGED (gal)

RATE (GPM)

DEPTH TO WATER (ft)

pH

CONDUCTIVITY (sLmhos/cm)

pH

TEMPERATURE (C)

TIME (min)

TIME (min)

TEMPERATURE (C)

I .

A. WELL DEPTH (ft):
B. DEPTH TO WATER (ft):
C. UQUID DEPTH (ft) (A-B)·

WELL 1.D.:
WELL CONDITION:

COMMENTS AND OBSERVATIONS: :Tn 5"faJ'1-f R.echa./y.., SI/~6-gy) t.N ELL. :4
T/+ft? 4 Tfr11!E Ar croct 5" q

GAUGE DATE:
SOUNDING METHOD:
STICK UP/D~ (ft):

DEVELOPMENT DATE:
DEVELOPMENT METHOD:

TOTAL QUANTITY OF WATER REMOVED (gal): _~/_~~__

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I.
I
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O. /6

A:T

;:;;z. ,I-r:. o,C .

/VA-5 8g vNoS W lc..t:::
'3 ~ 0 F +- CL..I!f: A e..

DEVELOPMENT TIME:
FIELD TECHNICIAN:

GAUGE TIME:
MEASUREMENT REF:
WELL DIAMETER (in.):

SITE NAME:
WEATHER:

D. WELL VOLUME/FT:
E. WELL VOLUME (gal) (C.D):
F. FIVE WELL VOLUMES (gal) (E.S):

Colog oj:' W+Te-R. (4/€1VT X-~ cf&o.....r
4=£+rz..C/O &4/10 I'f r

FIELD RECORD OF WELL DEVELOPMENT

O~5} e~:;e e
.$//bmerSI h Ie
tell f'vMf'

~!,£t;(ZZ
~v tp v l'f1fJ

WELL VOLUME

/OX ..: 'l?b¥

BEGINNING 1 2 3 4 5

TIME (min) o S't.{ ~ o ~Lf t:t 08'5'0 01;1.;;' -J~ /0 0 <9
b.6 ~

~ -DEPTH TO WATER (ft) - - - ~

RATE (GPM) 0 fJosr "'-1- ;;;.. --;J- ~ ~
~~$",~ f,F

VOLUME PURGED (gal) 0 0 1 do- ~lo 3
pH 5.&5 s:e;s 6.~'t ~ ~ 6" II t/
TEMPERATURE (C) -=1. t/ /, +.'1& 'r;~ /0, til

\( .

13.' 0~ ~"

CONDUcnVITY (Jlmhos/cm) g -go *E 1;;'" ~~~ 7-65 \t) .~_ . 6.30/
DISSOLVED OXYGEN (mg/L) (), .0 ~ O. '-/9

,~

O.~;). O,~ ;:;z

I I 6 I 7 I 8 I 9 I 10 I END I
TIME (min) /01/ 1(>13 /0/6 /O/f?

DEPTH TO WATER (ft) - - -
RATE (GPM) cC"\,..d- ...,;,;)- ...."".:J- --;L
VOLUME PURGED (gal) 6" -:;z /0 Ic;z...
pH ~~7- 6. I If b,01? ~,O L/
TEMPERATURE (C) '7l' , &0 7,6'1 -=1, 5 J. -=t, 5';J
CONDUCTIVITY (Jlmhos/cm) '8' b h. -:r 8'b ~1?- 8'8"
DISSOLVED OXYGEN (mg/L) tJ,6'-1 o,5'Q 0,6/ 0,5""

A. WELL DEPTH (ft):
B. DEPTH TO WATER (ft):
C. UQUID DEPTH (ft) (A-B):

DEVELOPMENT DATE:
DEVELOPMENT METHOD:

COMMENTS AND OBSERVATIONS:

WELL LD.:
WELL CONDITION:

GAUGE DATE:
SOUNDING METHOD:
STICK UP/DOWN (ft):

TOTAL QUANTITY OF WATER REMOVED (gal): _---:::/---:;.;;L__

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



/1,68

0, /6

?- 'I

-r.o.c...

0'?-30

/\lAoS 81<. VN5vv Ie::. K
3 'Ii 0 F + C I <::;) v.t) y

DEVELOPMENT TIME:
FIELD TECHNICIAN:

GAUGE TIME:
MEASUREMENT REF:
WELL DIAMETER (in.):

SITE NAME:
WEATHER:

D. WELL VOLUME/FT:
E. WELL VOLUME (gal) (C*D):
F. FIVE WELL VOLUMES (gal) (E*5):I~. 6

;)/.0

NEW

FIELD RECORD OF WELL DEVELOPMENT

MW- /~

/0 X :::' 1/6 'ii'

I I BEGINNING I 1 I 2 I 3 I 4 I 5 I
TIME (min) 0-;30 o"7/f, o '8'/5 o fj 16 o 9~1 08a-3

DEPTH TO WATER (fI) 6,~ 6.t/ - - - -
RATE (GPM) 0 fJosr AoO-;;... "'--;;J. ~;)... ~:;lS'v Il..f,.E

VOLUME PURGED (gal) 0 0 L( 1'3 I 'il ;;;..3
pH -:;',03 6,5/ 6.0d- 5". ~~ ~ fl3 5, ~;).

TEMPERATURE (C) 8, "38 7:33 -C/.;;z..' 9. :;'Lf q. t:t 9 I O,:J~

CONDUCTIVITY (}Lmhos/cm) -;;.. Lf~ ;). 'I t/ ;;. ;;../ ;}..30 'd-'30 -~d-6

DISSOLVED OXYGEN (mg/L) O,5t:t c;.60 o,5"~ o. r; I O. tfg" 0, If 8'

I I 6 I 7 I 8 I 9 I 10 I END I
TIME (min) 08,.5 o ~,~

DEPTH TO WATER (ft) - -
RATE (GPM) ,;y;}- -
VOLUME PURGED (gal) ~3 35"
pH ~?O 5: Lf5
TEMPERATURE (C) /0.;;'3 /0./;

CONDUCfIVITY (J.'mhos/cm) ~33 C7 3 I
DISSOLYED OXYGEN (mg/L) 0, 'i ?- 0, 4~

A. WELL DEPTH (ft):
B. DEPTH TO WATER (ft):
C. LIQUID DEPTH (ft) (A-B):

TOTAL QUANTITY OF WATER REMOVED (gal): _--=3~'7"",""--_

WELL VOLUME

DEVELOPMENT DATE: 3/;;"5,/'1 Lf
DEVELOPMENT METHOD: 5v",;:;e ~S I h k

~ \J I'vl"Vl,o

WELL 1.D.:
WELL CONDITION:

GAUGE DATE:
SOUNDING METHOD:
STICK UP/~N (fI):

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



/.0 q
o. /6

Ol-- II

AT:

T. 0 .e

NAS l3~tJN5W let:::.
3 tf 0 F + CL.ovi)Y

DEVELOPMENT TIME:
FIELD TECHNICIAN:

GAUGE TIME:
MEASUREMENT REF:
WELL DIAMETER (in.):

SITE NAME:
WEATHER:

D. WELL VOLUME/FT:
E. WELL VOLUME (gal) (C"'D):
F. FIVE WELL VOLUMES (gal) (E"'5)'

/3

FIELD RECORD OF WELL DEVELOPMENT

.
lOX. - O.q

BEGINNING I 2 3 4 5

TIME (min) oCf03 Ot::tO'-/ o crO~ ocr 10 o ql3 o Cf /6
DEPTH TO WATER (ft) 6.'51 - - - - -
RATE (GPM) (:) fo.sr;,.r;. "'-~ "'-J-- 't.-od- --d-5uI2..L.

VOLUME PURGED (gal) 0 0 / S /0 /5'
pH 6.#0 5'.9' b .. O':! 5.~=t 5':t:f;). 5: f?~

TEMPERATURE (C) 6, g?- b,7-8 b.Ot::t 5:~ I 5', ~6 b .. o3
CONDUCTIVITY (J.Lmhos/cm) ~Ol ~,.O 7-F"iJ 7-~7- r- -=1~ "?8t/
DISSOLVED OXYGEN (mg/L) 0.6/ O.~lf ~.~5 O.lf~ 0, 'Id- O,L/ "3

I I 6 I 7 I 8 I 9 I 10 I END I
TIME (min) Ot:tl-:J
DEPTH TO WATER (ft) --
RATE (GPM) ..,.,~

VOLUME PURGED (gal) 2.0
pH 5,8 d-

TEMPERATURE (C) (,01

CONDUCTIVITY (I-'mhos/cm) ?-10
DISSOLVED OXYGEN (mg/L) 0,41

A. WELL DEPTH (ft):
B. DEPTH TO WATER (ft):
C. LIQUID DEPTH (ft) (A-B):

DEVELOPMENT DATE: 3'b 5/9 '1
DEVELOPMENT METHOD: S"~ bmt2.c~"zj.e

t<v Pv~f'

WELL I.D.:
WELL CONDITION:

WELL VOLUME

GAUGE DATE:
SOUNDING METHOD:
STICK UP/D~ (ft):

;;"0
TOTAL QUANTITY OF WATER REMOVED (gal): _

COMMENTS AND OBSERVATIONS: tit< 0 i/Vtv W4rEt? W trH 0 t L. Y SHEEN
--C":::"""":'H,~'A-N~c,.~:;~~r."";";"o.-....A~77}~~L..L..L..!...$'-u~~...!......!-=~=-I-j:.....-¥!~Aj..§ii..jGo~L9*2

- ciij~~ ;;~~ ?iiii~CL251<~~.~
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I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Appendix D

Supporting Data and Chromatograms
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i SVCA FIELD DATA SHEET i

_ EA ENGINEERING.
SCIENCE. AND Project Gas Project
TECHNOLOGY, INC. Number I [),1,7,() I , Chromatograph III-~ "7,11 I Manager [21.r.<. /J'-< ..../~·l

Station Number I I Anaylsts I J. a-<!J.• ,-- I Date I:::, r <-'''' ;- ~ J I

Sit L cation I /V.A' ) /.]""'.. '~J'--, 'crr '/"'7 ~ -p' I

SAMPLE DEPTH P-H~~E VACUUM F¥t&~l§~ VOLUME INJECTION SAMPLER COMMENTSLOCATION TIME (ft.)
(ul) NUMBER(min.) (IN Hal (min.) FlO ECO

f?·,r? It :;., .-v ,A /'V'A ,-v/' /1--,,<0 ""-'<.'
t/';/ ~...,- ( 161.-17 .., ,..,,- ? /J''-' r/V'" 0r-

e) ~, /C.~O{..I

v/"/ /'7 12 J r ,1 r- .11t:.,- It..' ""'t.:' J
.. _..--_ ......... - ...... ._-

1/.'" .J.. '7. l-' :.l- /0 ',1 j:?L S-177/ /d L) (..)
--p .._--.

i-;/,- .) /ciJ J - ~.

S- f 1-',
J-3 I let' Co ./

-- --_.

v/""<--/ I ~,::J. i 7r- I {' f·/,
~-

" i" .,', .-

{/,,:: f- /g"//- -, )--- :2 IoJ / j "',
{-

,i' .> . ".::' C/

",./7. ( ,A j-~/ S) 1 ) S-.", ..... j/.... Ie," c,."

I
~. )L-:/:,,·7 i'j/ r :>.1 ).... If-C~ /c."') t:,

,j'T-:'? / '1,J C ....//<1 ",,-:/',A /V'A ....-z/A JL/(} --L./..-::z

!

..



-- - - - - - - ....- - - - - - - - - - -
SVC~ S.\MPLE CALCULATIONS

E6
EA ENGINEERING.
SCIENCE. AND
TECHNOLOGY, INC.

Site: .::2/Z........J<-. C'l .<1<f4 £
?rOlectNo.: «"'-3,2:,7(' ,)I'77.vl Analysis Date: ,";).)oc.:--r")

C; .. lculated by: J~ ~.-fl < Checked by: ;J ,-' I.

Sample
10 Depth fr-2J"!''';.~~.. I l

- I r;·.,.l·. €;7/;'£ cr- I" " .
rU1../"",r·1 ~_%"'-;:; K?,/--'~ _, ,II' ,"

,11''''' •..., ,f.;"1 I r~~~I/>'~c'.·.· ~·d.· ·-f ,I'! .... ...,

In/'eet
Voume

(uL) Time

61',q--t'{

"l'"- I

t/,,7'''~

(/r'.:J

vtP"'f

,/V"'~

7'1~

3. S--

Jr
3'

'-c.' ,I
~

L- "'./

I£.&-"/ I ?~. / l.:e~' I
I /0./ I L.,. I I L: ..··I I

I I I
I I.T

I .?C', I

CO. I

I
I
I

/,'e-)t'.J

.... ~J ~) l ....

r c,'v'.,)

./0'0'-

4;".:/ 7

/' 7/':<'

"--}jc-I'

/7j'~

/8.} I

V/7- )

1//--{;.

t,.,r?- 7

'].)

3. ~-

J.>-
JI

tit, 8
t; I

:;.13 J I ( ~ ill J,() I 1'/ ,(.

w
83 co CJ

, ·5'~Y.~

V~'FL

''1 J J

I I I I I I , , I I I I ._. I.. l.__
,
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1m EA ENGINEERING.

SCIENCE. AND
TECHNOLOGY, INC. SVCAINSTRUMENT CALIBRATION RECORD

Site: Mv.·'j' ,-" '.::/r <{ij'.1

Project No.: 1"£ Y;;J. e,. 121 ?7....·/

Analysis Date: 7 r c( ;-c,., ~

/:;;;;-/,7 / "~"" ;-/."'c - Inject r/.-.·~

fenip
.6'~- "7~ -",,~ re./" ..r_/,

b~-:?~~'" J....? J'•. /- ...... / volume
/67 ,J ,..... c..; ..r. ::; //.0 Icl

RT AF AT AF AT AF AT AF AT RF AT RF RT RF lull

). -3 - -3 ':f ~:--'

'J.t: &'7 0.0/../0 b·lt:)} . '1.uP l(;V/J8 o,c.·£~ q'y)? 7.;) Xlo j·C<::J "

·3.V '3J 0. 0 10 5-' c. ');J. C,I )(1"
.;J

f,. "/ 0.08'-' '11C IT " /0

O'O~{6 S'~ F!IC/O CJ.c7J 0,01 7

nr: I... ' rnnr , 1<1l1 ini vall sarnnle COIlC. = (oeak areal IAFI
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~ROMRTOPAC C-R3R F":L~ 0
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:::PORT NO 20

i'~HO TI~E: ARER MK 1:l:10 CONe N~ME

(0.737 27&';7 E.~. 1443

0.843 3194 y (,.0 f7

3 0.952 2~·53~i' V 1.255
·4 1.937 11 S5631 y E.• 322~

'5 1.325 34~€t683 If IS.5609

6 1.4-67 1907412 y : 8.1714

7 ~.59a 574122 y 3.06.5,
is 1.735 3:2820 y 1.6681
9 2.837 2:Zl<-7.542 " 12.~1SC;

19 2.2:2 1177177 y E.• 2774
II 2.4~~ 1 (P14'14' y 5.83:38
12 2.698 1:2163 vf! 8.'5981
13 2.872 89798<:0 y ".7885
14 3.32 2i:5968 y 0 1.0;;249

~5 3.653 97264'; y 5.1867
IE. 3.817 e,07Ie::: y 2.784&
17 4.192 ~ 1 11 e2;c; If 5.9289

18 4.46 360197 y 1.9208
19 4.747 n6S? y 0.4143

28 5.873 223275 v;ff 1.:906
21 ~.37Z 265~9f. II I. 4163
22 6.&3 573771 y 1'" 3.0597
23 6.2:83 15904,.) V I). S481
24 6.583 193240 Y 1.0305
2~ 6.8S7 95:2.: v (1.5073
2E. 7.213 140447 Y 0.7489
27 7.853 22715

:~~
e. 121 i

2&' . ~.Z.2' (,9759- 0.372
29 8.852 2034?7 v.1( 1. 8851
30 9.428 46671 YO 1ln7L 0.2489

31 9.855' 98% y 0.0523

32 0.34 '2279 0.0122
33 tl .692 4e09 v e. t l 2l4

,:4 ~ • 1S;- 17629 0.e~4

35 1. 4 -:;8 '2212l './ e. 118
:::6 1.~: s 4746 y 0.~1253

37 2.457 2~3:'B (I. 113~

~:s 2..235 973 €to E'0!.2
39 ;.• Sc3 5€14S 8.12269
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~ROMATOPAC C-R3A fl LE I:l
~:-:P'L~ ~(1 <, METHOD 561
::P(I~T NO 21

~ 0 , (NO TII":£ AREA ~i< IDr,O CONC ~AME~ 0..,
0
"- G.752 54137 ('.5828

.2 •• 358 G~o343 ., 4.<-El51

J § 3 :. 3~2 9'57142 V ~8.3t'~
4 I. ':8 584284 V 5.428

~ 5 :.663 29J'38 V :::.159 .
51 E 6 1.74<: 11333a V 1.22

" ~

8.287:
0

0 '0 2.935 7.:.2259 Vet > 8 2.2138 3>;31 b7 V 4. 1249
9 2 ... : 8 0

3~,';'431 V ~.77ZS

~8 :' ~ ... o 36694b ., 8:.95&3........ ", ......
~:. 2S2 ZS3847 Y/ii 3. '3557

12 3.583 ,,·27619 V 6.7'366
.3 4.89 73,897 V' 7.8792
14 4.34€< 1132387 ., 1.1822
1'3 4.b48 30838 'Ii 0.332
: 6 4.97 1113613 V I. 1968
:7 S.2n 167837 V :.806&
18 5.925 1227691 Vi' 13.2166
l~ ".487 l4S2ttb V :.5632

;; 28 6.723 S9536 V' 8.9639

~
a

21 7. •• e
';:?J08~ v 8.4387E .. ~

~ 22 7.287 n792 V 8.353
23 7.77 :4897 v 6.1604
24 8.135 64308 V 0.6923
25 :;'.525 ~85:'? ." f 0.8668
2b t:.7'3S 57442':; \;5 Tb~ 6. 1839
27 '?348 298722 3 • 1297
29 9.785 12n- V o. 137!

Q 29 E:. ~~7· ~327"; V e. 1429
... 3& ft.612 2ne2 tl .2<j.29
(J' ~ . 1. 88 : -;2'~75 ',? 2.€1678
~ ~:z :.46 49425 .,. e.53C:I

':;3 l.~~ 8824t, ,.' 8.8639

ii ~; 4 2.1;' 49~S v Et.8~34.. ~;5 ':'.St' 21 ~c: 0.2325E
~:6 2.79 12478 V' .' . ::::-2"z 37 ~ .16 2: ~ '7 t- V tl ,2281: i <:S 3.57 4742- Et. tiS: 1'0 Q
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;:?OR;;;O 22

8.727 1;;·9c.5 E'. ·:tSt5.7
2 ~I • 837 ~: 41 t. II ,j.81 14
3 ,::, ';45 ';;77$2';. II ! 2638
4 1. 033 1%2759 II 6.5633
5 ; .~: 12 56~2'::: to VE 1:;.9(t25
6 I <;72 ,:44898,j II 1 1 5328.
7 .602 12';'1632 V -.1787
S I .747 5c:717 1j II ; 7628
~ 2.857 3':-'49998 II 13. 2884

1& 2.238 2EI~1929 II 6.7277
: I 2.458 1';3~45;' V '6. <;686
: 2 2. 74 207991~t V El. 6955
:3 2. $~5 139571' II <;.6671
: 4 ,:.38 537666 II (, 1.7979... .,. ;"18 i3S739S II 4 . 539
16 ': .•:92 661899 II 2. 2133
~7 -.265 ... .:.;:;: ;::- II 4.721
:8 4.~~2 515928 II I .7252
19 ~. tn~ ~1~IlB~S II 8.3486
2e < 14 281152 II 8.94(11" .
21 < 44 3212£.17 \I

'/ 1 .8741
22 to. &8S : t'8834 9 II 3.t.393
23 6.55:3 2l33C.l II €I. 7:3<;
24 t..91 107636 II (I. 3599
25 7.248 1~202t· II Et. '749
26 -; .8£:5 21574 V €I.8721
27 8. 2- rS!t.6'=" II

tJ €I. 2855
28 ~: .86E: 213953 II 8.7154
2'1 ":. '42 534:'7 II 8. 1788
3e ~ .85 8196 II ('. 8274
3~ ~ (: . ~37 ; ~ ~,6 £1. €tt149

32 I I 143 494('4 II 8. 1652
33 : : .-SEI;? 4 1j30 8.0135
,:4 12. 192 7.:47 II 0.0262
35 :':'.8;'::: 2:95 II €:. 0(ti ~
;:6 13.707 1634 (1.0855
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€l.u76e
7.6452

19.9849
15.1274

1.7€lSl
12.9675
6.4369
7.867
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2.2688
6.6S24
4.92&e
1. 8: 79
8.9364
1.0175
3.5439
I.ClS35
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\I
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10 132
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1 c: ;:(1: 34

1276869
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8 ~ .... ~.. :~~ : ~.
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